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© ONA sequences, recombinant DNA molecules and processes for producing human interferon-like polypeptides. 

© DNA sequences, recombinant DNA molecules and hosts 
transformed with them which produce polypeptides display- 
ing a biological or Immunological activity of human interfe- 
ron, the genes coding for these polypeptides and methods of 
making and using these molecules, hosts, genes and polypep- 
tides. The DNA sequences are characterised in that they code 
for a polypeptide displaying a biological or immunological 
activity of human interferon. In appropriate hosts these DNA 
sequences end recombinant DNA molecules permit the pro- 
duction and identification of genes end polypeptides display- 
ing a biological or immunological activity of human interferon 

and their use in antiviral and antitumor or anticancer ag ents. 
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This invention relates to DNA sequences, recombi- 
nant DNA molecules and processes for producing interferon 
and interferon-like polypeptides. More particularly, the 
invention relates to DNA sequences expressed in appropriate 
host organisms. The recombinant DNA molecules disclosed 
herein are characterized by DNA sequences that code for 
polypeptides having an immunological or biological activity 
of human leukocyte interferon. As will be appreciated 
from the disclosure to follow, the DNA sequences, recombi- 
nant DNA molecules and processes of this invention may be 
used in the production of polypeptides useful in antiviral 
and antitumor or anticancer agents and methods. 



BACKGROUND ART 



in this application the interferon nomenclature 
announced in Nature, 286, p. 2421 (July 10, 1980) will be 
used. This nomenclature replaces that used in our earlier 
applications from which this application claims priority. 
E , q . t ZF is now designated I FN and leukocyte interferon 

is now designated IFN-ct. 

Two classes of interferons ("IFN" ) are. known to 
exist, interferons of Class I are small, acid stable 
(glyco) -proteins that render cells resistant to viral 
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infection (A. Isaacs and J- Lindenmann. -Virus In^r- 
ence z T he Interferon" , Proc, » Q val Soc. Ser. B ^, l*>. 
2 258-67 (1957) and W. E. Stewart, II. The Interferon 
sprLger-Verlag (1979) hereinafter 

interferonSystem, PP- 135-45), itns «^ 

Sstad IFNs protect cells against a wide spectrum of 

VirUSeS ' Human interferons ("BuIF*") have been classified 
into three groups P and y. HuIFN-aor leukocyte 
^ te rferon is produced in human leukocyte cells and 
interferon is pro S ulFN-B (fibroblast inter- 

together with minor amounts of HuIFN p Hi „ uri fied 
feron) in lymphoblastoid cells. HuIFN-« has been purifxed 
to homogeneity and characterized (e^ M 
et al., "Human Leukocyte Interferon: Production. Punfi 
c^n To Homogeneity And Initial Characterization 

j i USA 76, PP. 640-44 (1979)}. ^ 

Prftr Natl. SC1« USA, /0 ' 

I hetero 9 eneous in re 9 ard to sise presumably because of 
the carbohydrate moiety. Two components have >«° 
described, one of 21000 to 22000 and the other of 15000 
18,00 Secular weight. The exponent of lower molecular 
weight has been reported to represent a 
to l The smaller form of muin.-. hes also been reported 
to retain most or all of its B»ira-« activity <W «. 
Stewart. II et^l,. "Effect Of clycosylation 

, . - - pmnprties Of Human Leukocyte 
nn The Production And properties » 

"terferon". Virology. 97. pp. 473-76 (1*7*) >. 
of the amino acid sequence of HuIFN-a from lymphoblastoid 
cells and its amino acid composition have been reported 
,K.C. Zoon etaU. "Amino Terminal Sequence Of The Major 



(K.C. Zoon et ai., * . 

component Of Human Lymphoblastoid Interferon" , Sci^e , 
207, pp. 527-28 (1980) and M. Hunkapiller and L. Hood, 
personal communication (1980)) 

HuIFN-a has also been reported to exist in 
several different forms, e.g. British patent -PP 1 ^^ 
2,037, 296A. These forms appear to differ from each other 
s^ucturally and physiologically. No ^^^^ 
has been adopted for these forms of HuIFN-«. Therefore, 
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in this application each for, will he referred to hy a 
number after the general HuIFN-o designation, i^, 

HuIFN-al or HuIFN-a3. . q . = , be 

HuIFN-a may, like many human proteins also be 
rphic Therefore, cells of particular individuals 

Itv'produce'HuIFM-a species within the more general 

may proa wit hin that group which are physio- 

HuIFN-a group or forms within ma g y 
logically similar but structurally slightly different 
iog * - nrm of whicn it is a part. Therefore, 

than the group or form of wnicn it. * * „ or ^_>ii v 
while the protein structure of an HuIFN-a may be ^nerally 
well-defined, particular individuals may produce a HuIFN-a 
that !s a si ght variation thereof, this allelic variation 
^obably being less severe than the difference between 

the various forms of HuIEU-a. 

HUIFN is usually not detectable in normal or 

„Iy"lso be non-viral in character, such as natural or 
"Itnetic double-stranded ». intracellular 
.Hobial products and various chemical agents. Numerous 
microbial proouc advantage of these non-viral 

attempts have been made to a ^ * viral in£e ction 

inducers to render human cells resistan 

(S. Baron and F. Di.nz.nl (eds.). Torir Pepor *L 
^3^. 35 ("Texas reports"). PP- o«-« 1977)). 
These attempts have not been very , - t " 4 ' 
use of emooenous HuIFH itself is now preferred. 

interferon therapy against viruses and tumors 
or cancers has been conducted at varying dosage regimes 
and Tder several modes of administration (The Interferon 
and under seve lnt . r feron has been 

System, pp. ' w *^ . . .^^ 

effectively administered orally, by innovation -- 
effectively ■» : n4 . ra „ afia i intradermal and 

intravenous, intramuscular, intranasal, intr 

and in the form of eye drops, oinwenw 
subcutaneous — . ana in ujc * . 

ti- is usually administered one to three 
and sprays. It is usua " y Tne exte nt 

times daily in dosages of 10 t 1 ™ condi tion 
of the therapy depends on the patient ana zn , 
being treated. For example, virus infections are usually 
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treated hy -I* or twice daily 

« two wee.cs .-—^J^^. ^ Lnthe or 

by daUy or ^erapy for a given Patient 

Ye Tc £ coLre'e 1 tTr^ineo hy the attending physician 
BU st of course ne £ac tors as the course 

who will consider such tt<! pa tienfs 
of the disease, prevr.ua „ ode of admini6tr a- 

response to interferon in selecting a 

tion dosege regi^ ^ ^ ,„ n used to 

~ fi »iratory infections (Texas Reports, 
tr eat the f0 " 0Wing ;- si ^"er2itis (Texa^eports, 
pp. 486-96); herpes " m ^ a ^" conjunc 7ivitis TiSlL**^ 
497-500); acute hemorrhagic conjuu 

toi to ) varicella zoster (Texas Reports, PP . 511-15). 
^ Uo^rus infection Clt^L***-; PP* - ; 2 < 

and hepatitis B «*J— £~ £wever, large scale 

Th system, PP- 307 MOimt , 

use of I FN as an antiviral agent requires larg 

of i FN than heretofore have been 

^ ^kar effects in addition to i« 
HuIFN has other effects effect 

antiviral action. For ^^..^Z % rowth c f 
of colony S ^X a ^J.^o : .^^^^ Ms with ^ 

hemopoietic colony - f0rm ^ g a !^ ocvte a„ d macrophage 
normal differentiation of ^» u ^* also inhibit 



precursors (Texas^eports, PP^ 3 «^> t Friend leukemia 

erythr oid 420-28^ . HuIFN may also play a 

cells (Texas Reports, pp. «° z > Depending 
r ole in —tion^f the immune ^ ^ ^ to 

UP ! n ^1^^ Lr^unopotentiating and 
antxgen. HuIFN « can (T exasReports. 
i-unosupp-ss ve ^ ^ ^ eensitizeQ lymp.o 

pp. 357-69). * n duce HuIFN-a after contact 
^ aXn HuIFN-a could therefore 

with antigen^ Such^ response , affecting both 

be a regulator of «• expression of cellular 

circulating antigen A , HuIFN is also 



WJ ^' ' „ 370-74)- HuIFN is axso 

i "" Unity '^rSfecUv^y of Killer lya*hocyt.s and 
known to enhance the activiv* 
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antibody-dependent cell-mediated cytotoxicity (R. *• 
Herberman et al., -Augmentation By Interferon Of Human 
Natural Antibody Dependent Cell-Mediated ^otoxxcxty , 
Nature, 277, pp. 221-23 (1979); P. Beverley and Knxght. 
billing Comes Naturally". Nature, 278, pp. 119-20 (1979). 
^s^or^s. pp. 375-80). Both of these *P e " eS *" 
probably involved in the immunological attack on tumor 

C6llS " Therefore, in addition to its use as a human 
antiviral agent. HuIFN has potential application xn anti- 
tumor and anticancer therapy ( The Interferon System , 
PP 319-21). it is now known that IFNs affect the growth 
of'many classes of tumors in many animals ( The Interferon 
system, pp. 292-304). They, like other " 
s^ost effective when directed agaxnst small tumors. 
The antitumor effects of animal IFN are dependent on 
dosage and time but have been demonstrated at concentra- 
tions below toxic levels. Accordingly, numerous xnvestx- 
gations and clinical trials have been and contxnue to be 
conducted into the antitumor and anticancer propertxes of 
IFNs. These include treatment of several malxgnant 
diseases such as osteosarcoma, acute myeloid leukemxa. 
multiple myeloma and Hodgkin's disease ( Texas Report? , 
pn 429-3 S). In addition. HuIFN has recently been shown 
to' cause loC al tumor regression when in je cted into subcu- 
taneous tumoral nodules in melanoma- and breast c«™ 
affected patients (T. Nemoto et al., "Human Interferons 
A nd IntraLsional Therapy Of Melanoma And Breast ■ 
j^ner jVssoc, Kor Cancer Research, Abs. nr 994, p. 246 
(1979)). Although the results of these clxnxcal tests 

~„,-n a the antitumor and anticancer applxcatxons 
are encouragxng, tne anut™» 

of IFN have been severely hampered by lack of an adequate 

suddIy of purified IFN. 

Today. HuIFN-cr is produced either through human 
cells grown in tissue culture or through human leukocytes 
collected from blood donors. 2.6 x 10' IU of crude 
HuIFN-a have been reported from 800 1 of cultured Namalva 
cells (P. a. Bridgen et^l . . supra). At very large blood 
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e « the Finnish Red Cross Center in Helsinki, 
centers, e^. tne IX jU of 

Pinland. the production typically 3 x 10- 

cru de HUIPN-. annually. «~ ^ ^ ^ adequate to 
!U per patxent per day, th ^ Btiti .. of BuIFN-er . 
provide the needed <= on » er ^^ other proC edures is 
Therefore, production of HuIFN a »* . g 

desirable. Because toe amount 

hig b, in the order . ^ is low . 

of HuIFN-a required for c de 
For example, 100 grams of pure Huijth 

between 3 and 30 million doseS ' biology have made 

Recent advances in molecular oxoxogy 
•fclHo deduce the DNA coding for specify 
it possible to bacterial cells. 

no nhacterial = prepared via chemical 

In general, wi^ D^o ^ ^ ^ ^^.^ DNA 
synthesis, the constru produc ing a single- 

molecules comprises the steps P messenger FNA 
stranded DNA copy ^ ^reZ^n; converting the 

Tuhir-s^anded DNA HnLng the DNA to an appro- 
cDNA to double-strand hicle t o form a 

priate site in an appropriate olonrn ' riate 

lecc^inant DNA -oiecul. ^«^^ n ' ^=h transform- 

^x. 4.h a t T-ecombinant DNA molecule, 
host vith that uce the des i r ed protein, 

tion may permit the host to P ^ genes have 

Several non-bacteria * DNA technol0 gy. 

been- obtained in E^co±i using r ^ ^enic 

These include a protein ^P 1 **"* P Bacteria l 
determinants (L. Villa-Komaroff ^f^^^^^ci^SA, 
Clone synthesizing Proinsulin", Ifor Na 

^ «<» /io7fl\\ rat growth hormone \r « 
75, pp. 3727-31 (1978)). rat 9 BaC teria», Nature, 

Hcmthosis Of Growth Hormone t»y DO 
et al ., "Synthesis ux ^Hvdrofolate reductase 
-me ©ft /1978)). mouse oinyaroxoj.»*-« 

276, pp. 795-98 PsnrefiS ion In E- coll 

(A .C.V. Can, ^^^^ 
Of A DNA sequence Coding For no enma tostatin (K. 

Hature. 2 7S. PP. ^ i^'^S^o* A 
xtaKura "^"^ ^"reTlor^^e^atostatin" . 

Chemically synthesized Gene For x 
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science 198 , pp. 1056-63 (1977)); European patent appli- 
cations 0.001,929, 0,001,930, and 0,001,931 and cognate 
applications in other countries ), the A and B polypeptide 
chains of human insulin (D. V. Goeddel et_al . , "Expression 
in E^cjierichia coli Of Chemically Synthesized Genes For 
Human Insulin", jjjc^Nat] . Acad. Sci. USA, 76. pp. 106-10 
(1979) and the European and related patent specifications, 
supra), antigens of human hepatitis B virus (C. J. Burrell 
e^al , "Expression In ^^richia coli: Of Hepatitis B 
Vires' DNA Sequences Cloned In Plasmid pBR322", Nature. 
279, pp. 43-7 (1979) and M. Pasek <*al., -Hepatitis B 
Virus Genes And Their Expression In E. coli ". Nature. 
282 pp. 575-79 (1979)). human growth hormone (D. V. 
Goeddel et_al . . "Direct Expression In Escherichia coli Of 
A DNA Sequence Coding For Human Growth Hormone" , Nature . 
281. pp." 544-51 (1979)), SV40 t antigen (T. M. Roberts 
et_al., "synthesis Of Simian Virus 40 t Antigen In 
Escherichia coli ", tm- oc . Natl. Acad. Sci. USA. 76, 
pp. 5596-600 (1979)). and human fibroblast interferon 
(HulFN-P) (T. Taniguchi et_al . , "Construction And Identi- 
fication Of A Bacterial Plasmid Containing The Human 
Fibroblast interferon Gene Sequence", Proc. Japan Acad. , 
55, Ser. B. pp. 464-69 (1979) together with personal 

communication 1980). 

None of these recombinant DNA processes, however 

is directed, as is this invention, toward the synthesis 
of HuIFN-ot . This is the problem to which the present 
invention is addressed. Its solution is not facilitated 
as were the above described recombinant DNA schemes by 
the availability of the sequence information required to 
prepare a synthetic gene (e.g., somatostatin) or of a 
cell type or virus rich in a particular DNA sequence 
(e.g.. hepititis viral antigen) or mRNA species (e.g.. 
rat insulin) which allows preparation and identification 
of bacterial clones containing the desired hybrid DNA. or 
of a system allowing the selection of E. coli hosts that 
express the desired protein (e.g.. mouse dihydrofolate 
reductase). Neither is it aided by the report of a 
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r 

. w • k \ « said to contain a DNA sequence that 

'a Is » suggestion of Research 

eodressed as is the .PP „ preparing pure 

^ substantial ly Pure before cloning of the 

~" Tinelly. it - — SLSS or'e 

selection of » DNA seguence or the -one 

recombinant DNA molecule »hich „ oocytes , 

poly A PNA that m^ prying JT ^ 

is not sufficient to demons mo lecule corre- 

tt e hybrid insert of the recoobinant DNA ^ ^ ^ 

spends to Burn,. ™ ^^ical or biological 

P T e « of ^n. can actualiy demonstrate that the 
activity of HulFH c«u - recombi nant DNA 

selected DNA seguence or Lportantly. it is 

„olecule ""shown that the DNA seguence. 

only after BuIFM activity related to them nay 

recombinant DNA molecule or seguences «" 
he employed to select other seguences correspon 

HuIFN in accordance «ith this £roB ^ 

it will therefore be appreciatea ^ 
■ 11 the problem of producing HuIFN-ct with the 
foregoing that the pr ^ much dif feren t than 

use of recombinant DNA ««ux », particular 
aT .v of the above described processes. Here, a p 
any of the an structure - that coding for the 

DNA sequence of unknown s hos1 - mU st be 

. nf mil FN- a in an appropriate 

expression of ™™ ^ COTple x mixture of 

found in end «P«»«° £ ^ used in the production 

D »A seguences 1. > -d« for It ^ 

of HuIFN-o . «°te='«; predicted exceedingly low 

problem is «» c « 6 *^ired dL seguence in the complex 
concentretion of the «... for repidly 

mixture and the lacx „-5»ture to select 

analyzing the many DNA sequences of the mixture 
and separate the desired sequence. 
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n T fi CLOSURE OF T HE INVENTION 

The present invention solves the problems 
referred to by locating and separating DNA sequences that 
code for the expression of HuIFN-et in an appropriate host 
and thereby providing DNA sequences, recombinant DNA 
molecules and methods by means of which a host, is trans- 
formed to produce a polypeptide displaying an immunological 
or biological activity of human leukocyte interferon. 

By virtue of this invention, it is possible to 
obtain polypeptide(s) displaying an immunological or 
biological activity of HuIFN-a for use in antiviral, 
antitumor or anticancer agents and methods, -his inven- 
tion allows .the production of these polypeptides in 
amounts and by methods hitherto not available . 

As will be appreciated from the disclosure to 
follow, the DNA sequences and recombinant DNA molecules 
of the invention are capable of directing the production, 
in an appropriate host, of a polypeptide displaying an 
immunological or biological activity of HIFN-ct . Replica- 
tion of these DNA sequences and recombinant DNA molecules 
in an appropriate host also permits the production in 
large quantities of genes coding for these polypeptides. 
The molecular structure and properties of these polypep- 
tides and genes may be readily determined. The polypep- 
tides and genes are useful, either as produced in the 
host or after appropriate derivatization or modification, 
in compositions and methods for detecting and improving 
the production of these products themselves and for use 
in antiviral and antitumor or anticancer agents and 

methods . _ 

This process is therefore distinguishable from 

the prior processes, above mentioned, in that this process, 
contrary to the noted prior processes, involves the 
preparation and selection of DNA sequences ,and recombinant 
DNA molecules which contain appropriate DNA sequences 
which code for at least one polypeptide displaying an 
immunological or biological activity of HuIFN-a . 
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It will be appreciated from the foregoing that 
„,«ic aspect of this invention is the provision of a 
ONA seguence which is characterized in that it codes for 
a collide displaying an immunological or hxologrcal 
a polypep selected from the group consisting 

aOU : LI insertsTf (PSt./HdF-^. Z— pBR322(Pst)/ 

° f I* Z ne^<Pst>/HcIF-SH3 5 . Z-pB B 322<Pst)/BcIF-SK«. 

Z -pKT287(Pst)/ iM . rt s, DMA sequences, fro. 

"ateve source "Sained, including natural, synthetic or 
semisynthetic sources, related by nutation, including 
seml-syntheti Blfl>stitutions , deletions, inser- 

ts and Tn rsl- to any of the foregoing PKA seances 

of the foregoing DNA sequences and inserts an 
sequences permit the production of interferon and xnter 
feron-like polypeptides in hosts. 

VTr ir~ DES^IPTIOM OF THE DRAWINGS 

Figure 1 is a schematic outline of one embodi- 
Mnt of a process of this invention for preparing a 
ment of a proces mo i eC ules. some of which are 

mixture of recombinant DNA molecules, som 
characterized by inserted DNA sequences that code 

polypeptides of this invention. initial 

Figure 2 is a schematic outline of the initial 

nmrpss of this invention. 
cl one screeni^process of^ ^ ^ _ ^ 

»ent of a clone screening process using DNA sequences 
prepared in accordance with the invention 

Figure 4 is a restriction map of one of the 
clones of the invention, the absolute position of each 
restriction site in this clone is not *^<***' 
Figures 8-10 display more absolute positions for these 

restriction sites. 
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Figure 5 is a schematic outline of the process 
of determining the orientation of a DNA insert , in one 
recombinant DNA molecule of this invention. 

Figure 6 displays the partial nucleotide se- 
quence of some cloning vehicles useful in accordance with 

thi s invent! on . 

Figure 7 displays the results of a Sephadex 

G-100 fractionation of supernatant prepared from a bac- 
terial culture of this invention. 

Figures 8-10 display the nucleotide sequence of 
a DNA insert to a recombinant DNA molecule of this inven- 
tion. The sequence is numbered from the nucleotide 
following the polyG 5- tail to the nucleotide before the 
polyA residues and polyC 3' tails. Nucleotides 57-125 
represent a signal sequence and nucleotides 126-626 
represent the "mature" interferon and the stop codon. 
The amino acid sequence of the signal sequence is depicted 
above its nucleotide sequence in lower case letters and 
the amino acid sequence of the "mature" inteferon is 
depicted above its nucleotide sequence in upper case 
letters. Various restriction endonuclease recognition 
sites in this gene are also depicted in Figures 8-10, 
these sites being more absolutely located than those set 

forth in Figure 4. 

Figure 11 is a schematic comparison of the 
restriction maps of two DNA inserts of recombinant DNA 
molecules of this invention. 

Figures 12-16 display the nucleotide sequences 
of two DNA inserts of recombinant DNA molecules of this 
invention. The sequences are numbered from the nucleotide 
following the polyC 5> tail to the nucleotide before the 
polyA residues and polyC 3- tails. The amino acid sequence 
of the signal sequence for each of these inserts is 
depicted above its respective nucleotide sequence m 
lower case letters and the amino acid sequence of the 
"mature" interferon is depicted above its nucleotide 
sequence in upper case letters. 
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Figure 17 displays a partial restriction nap of 
Z- P BR322(Pst)/HcIF-II-206 and the sequencing strategy 
employed to determine the nucleotide sequence of the 
Hif-I I -206 fragment displayed in Figures 12-16. 

Figure 18 displays the partial restriction maps 
of a series of hybrid phages which hybridize to the 

Hif-2h fragment. 

Figure 19 displays a partial restriciton map of 

the hybrid insert of z- P BR322Pst/HchrIF-35HB« and the 
sequencing strategy employed to determine its nucleotide 
sequence . 

Figures 20-23 display the nucleotide sequence 
of the HchrIF-35HB« frament and the amino acid sequence 

derived from it . • • — 

Figure 24 displays partial linkage maps for 

HulFN-a related genes. The arrows show regions which 
form R-loops with induced leukocyte poly(A) RNA. The 
hatched box (chr-16) indicates the sequence which was 
inferred from blotting experiments, but was not revealed 

by R-loop mapping. 

Figure 25 is a schematic outline of the construc- 
tion of plasmid CS-IFN-al. 

Figure 26 is a schematic outline of the construc- 
tion of plasmid LAC-AUG(cr2) . 

Figure 27 displays the reconstruction of the 
AUG initiation codon and the CYS initial codon in the 
construction of LAC-AUG(a2). 

Figure 28 is a schematic outline of the construc- 
tion of plasmid C8-IFN-a2 and the hybrid molecules I. II. 
Ill and IV. 

Figures 29-32 display the nucleotide sequence 
and amino acid sequence encoded thereby for IFN-«4b and 



its signal sequence 




In order that the invention herein described 
may be more fully understood, the following detailed- 
description, is set forth. 
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In the description the following terms Are 

employed: 

Nucleotide — A monomeric unit of DNA or RNA 
consisting of a sugar moiety (pentose), a phosphate, and 
a nitrogenous heterocyclic base. The base is linked to 
the sugar moiety via the glycosidic carbon <1» carbon of 
the pentose). That combination of a base and a sugar is 
called a nucleoside. Each nucleotide is characterized by 
its base. The four DNA bases are adenine ("A"), guanine 
("G"), cytosine ("C") and thymine ("T"). The four RNA 
bases are A, G, C and uracil ("U"). 

DNA Sequence — A linear array of nucleotides 
connected one to the other by phosphodiester bonds between 
the 3' and 5*. carbons of adjacent pentoses. 

Codon A DNA sequence of three nucleotides (a 

triplet) which encodes through mRNA an amino acid, a 
translation start signal or a translation termination 
signal. For example, the nucleotide triplets TTA, TTG, 
CTT, CTC, CTA and CTG encode for the amino acid leucine 
("Leu"), TAG, TAA and TGA are translation stop signals 
and ATG is a translation start signal. 

Reading Frame — The grouping of codons during 
translation of mRNA into amino acid sequences. During 
translation the proper reading frame roust be maintained. 
For example, the sequence GCTGGTTGTAAG may be translated 
in three reading frames or phases, each of which affords 
a different amino acid sequence: 

OCT GGT TGT AAG — Ala-Gly-Cys-Lys 
G CTG GTT GTA AG — Leu-Val-Val 
GC TGG TTG TAA G— Trp-Leu- ( STOP ) 
Polypeptide — A linear array of amino acids 
connected one to the other by peptide bonds between the 
«- amino and carboxy groups of adjacent amino acids. 

Genome — The entire DNA of a cell or a virus. 
It includes inter alia the structural genes coding for 
the polypeptides of the substance, as well as operator, 
promoter and ribosome binding and interaction sequences, 
including sequences such as the Shine-Dalgarno sequences. 
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S truc^ral Gene- A DNA sequence which encodes 
^ • «-" oblate or messenger RNA ( "mRNA" ) a sequence 
T^LZ™^Z^ of a specific polypeptide. 

Transcrintiffl--Tue process of produce s*NA 

^ S S "SSS-^ S ° f Pr ° aUCin9 " P ° lyPeP " 

£r ° B S^siSE--**. process undergone hy .struc- 
tural g ene S S-proo^e a polypeptide. It is a coshmation 

- ~ iss^i r 0 r™ M1 douhle-stranded DNA 

— ■" 4- tar t "reDlicon" such that, the 

sequence «'»™ " When the plasmid 

plasmid is replicated in a host ceil rfuracterisl. 
' nlaced uit hin a unicellular onanism, the charactens 
t cs Tf that or,ani» may he chen,ed or ~-»~*-^ 
«sult or the DNA of the plasnid. For ex^ple . plasmd 

^ for tetracycline resistance (Tet j 

: irry foLf a ceTl Previously sensitive to tetracycline 
I^tHhlch is resistant to it. A cell transformed hy 

a s^sss^— — -? - 

whi ch consIsTof DNA se<u«nces enoapsidated in a protein 
envelope or coat ( -capsid" ) . 

CloninoVehicle-A plasmid, phage DNA or ■» 
DNA se^enceT^re ahle to replicate inmost cell, 
which are characterised hy one or 

r rrinTde^ir-aahion ~-- r 

>,iT,dina sites, and which contain a marker 
promoter or binding sxtes^ tra nsformed 
suitable for use xn the xaentincatj. rM ist- 
cells e^, tetracycline resistance or ampicxlUn resist 

III A~cIoning vehicle is often called a vector. 
^ Sa-The process of obtaining a population 

of organisms or DNA sequences derived from one such 
organism or sequence by asexual reproduction. 
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R^ombinant DMA Molecule or Hybrid DMA — A 
molecule consisting of segments of DNA from different 
genomes which have been joined end-to-end outside of 
living cells and have the capacity to infect some host 
cell and be maintained therein. 

Ex pression control Sequence— A sequence of 
nucleotides that controls and regulates expression of 
structural genes when operatively linked to those genes. 
They include the lac system, the trp. system, major operator 
and promoter regions of phage X, the control region of fd 
coat protein and other sequences known to control the 
expression of genes of prokaryotic or eukaryotic cells 

and their viruses. 

Referring now to Figure 1, we have shown therein 

a schematic outline of one embodiment of a process for 
preparing a mixture of recombinant DNA molecules, some of 
which are characterized by inserted DNA sequences that 
code for polypeptides having an immunological or biolog- 
ical activity of human leukocyte interferon. 

PREPARATION OF POLY(A) RNA CONTAINING 
HUMAN INTERFERON mRNA (IFN-omRNA* 



Human leukocytes were induced for 5 hours at 
37°C with Sendai virus and extracted to yield a poly(A) 
RNA mixture containing human leukocyte interferon mRNA 
( "HuIFN-omRNA" ) . Induction was by the Cantell procedure 

Tnt.rf.ron System, pp. 130-31 and the references 
cited therein). The poly(A) RNA mixture is illustrated 
without regard to its actual proportions in Figure 1. 
Induced leukocytes were harvested and 10* » cells were 
resuspended in 1 1 of a solution containing 8 g NaCl , 
0.2 g KC1, 1.15 g Na 2 HPO,2H 2 0 and 0.2 g KH 2 PG 4 dissolved 
in 1 1 of water ("PBS") and added slowly with vigorous 
stirring to 17 1 20 mM Tris-HCl ( P H 7.5), 1 mM EDTA ("TE 
buffer"). 2% sodium dodecyl sulfate ("SDS") in a 50 1 
separatory funnel. Self -digested Pronase (Calbiochem) 
was added to 200 pg/ml and the solution stirred for 1 h 
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at room temperature. 10* counts/minute ("cpm") of » I- 
globin mRNA were added as a marker for recovery of the 
poly(A) RNA and to control for mRNA degradation during 
subsequent steps. 2M Tris-HCl ( P H 9) in an amount equal 
to 1/20 of the total volume ("1/20 vol") was added and the 
mixture extracted with vigorous stirring with 15 1 of 

, * nn „:„ Three 1 chloroform were 
redistilled phenol for 10 min. Tbree 1 c«*o 

and tb. fixture stirred for 5 -in. After »™9 
30 -in for phase separation, the aqueous phase » rested 
and extracted again vith phenoX and chloroform. The resul 

i-ftt-jillina 19.1 1. was combined wi-cn 
tant aqueous phase, totalling 

60 g SDS. " Nucleic acids were precipitated from the 
aqueous phase with 1/10 vol 3M sodium acetate (pH 5.5) 

and 2 vol ethanol. ... nil . 

After storage overnight at -20-c, the fibrous 

nucleic acid precipitate was removed by filtration through 

a plastic tea sieve. This material was then stirredvxth 

200 ml TNE (50 mM Tris-HCl (pH 7.5). 100 mM NaCl 5 «K 

. . . w SDS it subsequently dissolved on 
EDTA) containing 0.5^ SDS. it suw»cm 

addition of a further 350 ml of that solution. The 
non-fibrous precipitate was collected by 
in 1 1 Sorvall bottles in a Sorvall RC-3 centrifuge for 
15 min at 5,000 rpm and dissolved in 350 ml TNE contain- 
ing 0.5% SDS. The two TNE solutions were «->^ 
extracted 3 times with 1 vol phenol. 3 times with 1/2 vol 
ether and 3 times with 1 vol ether. RNA recovery from 
the aqueous phase totalled 775 mg, as measured by absor- 

bance at 260 nm. 

isolation of the poly(A) RNA mixture was 
achieved by repeated batch adsorption to oligo(dT) cellu- 
lose (type 7, P-L Biochemicals . Inc.). 2.7 grams oligo(dT) 
cellulose were added to 500 ml. i^. about half of the 
RNA-containing solution described above. After stirring 
for 1 h at room temperature to effect adsorption of the 
poly(A) RNA to the oligo(dT) cellulose, the cellulose and 
the mixture of mRNAs bound to it were collected by centri- 
fugation and washed once with 50 ml TNE and a second time 
with 15 ml TNE. The bound poly(A) RNA was then eluted by 
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five successive washes with 2 ml H 2 0. The yield was 
860 pg poly(A) RNA as measured by optical density (Prepar- 
ation A). The supernatant RNA solution from the first 
adsorption was subjected to two further adsorption cycles, 
exactly as described above. The second and third adsorp- 
tions yielded 600 pg and 170 pg RNA respectively and 
were combined (Preparation B). 

RNA was assayed for HuIFN-amRNA by injection 
into Xenopus laevis oocytes ( The Interferon System / 
pp. 93-95): RNA was dissolved in 15 mM Tris-HCl (pH 7.5), 
88 mM NaCl ( M TNK buffer") to give a concentration of 
about 1 mg/ml. Fifty nl of this solution were injected 
into each of 50 oocytes. The oocytes were incubated 
overnight at room temperature in Barth medium (Gurdon, 
J, Embryol and Exper. Morph. , 20, pp. 401-414 (1968) and 
Barth, J. Embryol and Exper. Morph. , 7, pp. 210-222 
(1959)). The incubated oocytes were then rinsed and 
homogenized with a Pasteur pipette in a 1.5 ml Eppendorf 
centrifuge tube in 0.5 ml 52 mM Tris glycine buffer 
(pH 8.9). The mixture was centrifuged for 2 min in an 
Eppendorf centrifuge and the supernatant was drawn off 
and frozen at -20 °C for assay. I FN -a activity was 
determined by the plaque reduction assay described by 
H. Strander and K. Cantell, "Production Of Interferon By 
Human Leukocytes In Vitro ", Ann. Med, exp. Fenn. , 44 , 
pp. 265-73 (1966). One unit IFN-or reduces virus plagues 
by 50%. The potency of an IFN-a preparation is expressed 
relative to the human reference HuIFN-a 69/19 (Inter- 
national Symposium on Standardization of Interferon and 
Interferon Inducers, 1969). Alternatively, the assay was 
based on the reduction of cytopathic effect, essentially 
as described by W. E. Stewart, II and S. E. Sulkin, 
"Interferon Production In Hamsters Experimentally Infected 
With Rabies Virus", Proc. Soc. Exp. Biol. Med. , 123, 
pp. 650-3 (1966), except that human CCL-23 cells were 
used and that challenge was with Mengo virus. The oocyte 
extracts had 300 IU of IFN-a activity per pg of RNA 
injected. In later assays incubation of injected oocytes 
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was for 48 hrs and only the incubation medium was assayed 
because most of the interferon is excreted by the oocytes 
(A Colman and J. Morser, "Export Of Proteins From Oocytes 
Of Xenoous laevis ". Cell, 17, pp. 517-26 (1979)). For 
further purification of the poly(A) RNA sufficient 0.5 M 
ethylene diamine tetraacetic acid ( "EDTA" ) was added to 
the poly (A) RNA Preparation A to bring the concentration 
to 5 mM EDTA. The resultant solution was extracted twice 
with an equal vol of TNE-saturated phenol and 5 times 
with an equal vol of ether. It was then passed through a 
0.1-ml Chelex-100 Bio-Rad column, heated for 90 sec at 
100°C and layered onto a 13-ml 5-23% sucrose gradient 
containing 50 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.2 M 
NaCl. 10,000 cpm of 5 • -terminally "P-labeled DMA frag- 
ments produced by simultaneous digestion of pBR322 with 
restriction enzymes Hindi I I and Pstl (New England Biol abs ) , 
were added as size markers. Centrifugation was in an 
SW40 rotor at 10°C and 35,000 rpm for 16 h. Fractions 
(0.6 ml) were collected with an ISCO gradient collector 
at 1 ml/min. The fractions were assayed for Hu I FN-amRNA 
as described above and their position relative to the 
3 2 P-DNA markers was noted for future reference. In 
subsequent centr i f ugations , HuIFN-amRNA-containing frac- 
tions were identified relative to the markers. The 
fractions with Hu I FN-amRNA activity contained 80 ug of 
poly (A.) RNA. They were mixed with 2 vol TNE containing 
0.5% SDS and 0.02% polyvinyl sulfate (in later prepara- 
tions polyvinyl sulfate was omitted) and applied to a 
50-pl oligo(dT) cellulose column. After washing the 
column as described above, 40 gg of the RNA mixture were 
eluted with 4 washes of 0.6 ml sterile distilled water. 
After ethanol precipitation, the RNA was dissolved to 

1 mg/ml in 0.5 mM EDTA. 

An assay for Hul FN-amRNA activity was carried 
out as described above on a portion of the poly(A) RNA 
precipitate. It had a specific activity of 3600 IU 
interferon/pg of RNA injected. Therefore, the sucrose 
gradient had enriched the poly(A) RNA about 10-fold in 
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regard to HuIFN-amRNA. In a subsequent, similar prepara- 
tion about a 40- fold enrichment was obtained. Prepara- 
tion B was purified similarly and, -since it had a similar 
specific activity as Preparation A, the two were pooled. 

At this point it should be recognized that even 
the poly (A) RNA product obtained from the sucrose gradient 
contains a very large number of different mRNA's. Except 
for the mRNA specific for I FN -a , the other mRNAs are 
undesirable contaminants (Figure 1). Unfortunately, 
these contaminant RNAs behave similarly to HuIFN-amRNA 
throughout the remainder of the cloning process of this 
invention. Therefore, their presence in the poly(A) RNA 
will result in the ultimate preparation of a large number 
of unwanted bacterial clones which contain genes that 
code for polypeptides other than IFN-a . This contamina- 
tion presents complex screening problems in the isolation 
of the desired IFN-a hybrid clones. In the case of 
IFN-a , the screening problem is further exacerbated by 
the lack of a sufficiently purified sample of HuIFN-amRNA 
or DNA or portion thereof to act as a screening probe for 
the identification of the desired clones. Therefore, the 
screening process for the IFN-a ciones is very time-con- 
suming and difficult. Further, because only a very small 
percentage of IFN-a clones themselves are expected to 
express IFN-« in a biologically active or immunologically 
active form, the isolation of an active clone is a "needle 
in a haystack" screening process. 

Advantageously, we may use recombinant DNA 
technology to provide a purified sample of HuIFN-amRNA or 
cDNA or a portion thereof. This purified mRNA or cDNA 
can be used to screen rapidly very large numbers of 
bacterial clones and thereby markedly increase the proba- 
bility of isolating a clone which expresses IFN-a in an 
active form. 
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The poly (A) *NA enriched for IFN-crmRNA (Prepara- 
tion A+B) was used as a template to prepare single-stranded 
complementary DNA (cDNA) (Figure 1) (Cf, A- Efstratiadxs 
et_al . , "Full Length And Discrete Partial Reverse Tran- 
scripts Of Globin And Chorion mRNAs", Cell, 4, pp. 367-78 
(1975) and references cited therein). The 800-nl reac- 
tion mixture contained 40 mM Tris-HCl (pH 7.5), 30 mM 
NaCl, 5mM MgCl 2 . 0.5 mM DTT (Cal-Biochem) . 20 pg/ml 
oligo(dT) 12-18 (P&L Biochemicals ) , 5 mM dGTP (Schwarz), 
dCTP (Laevosan) and dTTP (Sigma), 5 mM "P-dATP (NEN, 
specific activity 100,000 cpm/nmole), 60 pg/ml poly (A) 
RNA and 280 units avian myeloblastosis virus (AMV) reverse 
transcriptase (a gift from Life Sciences, Inc., 
St Petersburg, Florida). After incubation for 1 h at 
37»C, 0.5 M EDTA and 20% SDS (recrystallized) were added 
to -10 mM EDTA and 0.1% SDS. The mixture was extracted 
with 1 vol phenol (distilled). The phenol phase was 
washed with 200 M l 200 mM Tris-HCl (pH 7.5). 1 mM EDTA 
and 0.1% SDS, and the aqueous phases combined. These 
were extracted with an equal vol ether (Fluka, pro anal.) 
and chromatographed on a 5—1 Sephadex G-100 column in 
THE. Fractions of 0.1 ml were collected at 0.3 ml/mm. 
Fractions displaying radioactivity (as measured by 
Cerenkov radiation) were combined and 3 M sodium acetate 
added to 0.3M. The nucleic acids were precipitated^with 
2.5 vol of ethanol. After storage overnight at -20°C. 
the samples were centrifuged and the .supernatant dis- 
carded. The precipitate was dissolved in 180 pi distilled 
water and transferred to a siliconized Eppendorf tube. 
20 Ml 5M NaOH were added and the mixture kept at room 
temperature for 40 min. 20 M l of 5M sodium acetate, 
100 Ml distilled water and 500 M l ethanol were added. 
After cooling overnight at -20"C. the resulting precipi- 
tate-was collected by centrifugation at a force equivalent 
to 10,000 times the force of gravity (10000 xg) for 
20 min at 0°C. The yield of single-stranded cDNA was 

io Mg- 
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Again, it is to be understood that the single- 
stranded cDNA product prepared above is in reality a 
complex mixture of a large number of different cDNAs 
transcribed from the corresponding mRNAs present in the 
poly(A) RNA mixture (Figure 1). Only a very few of these 
cDNAs are IFN-a related, i .e. , Hi I FN-or cDNAs . Another 
factor also acts to complicate the cDNA mixture — each 
mRNA species of the poly (A) RNA mixture is usually not 
transcribed completely. Instead, for each mRNA species 
the transcription process may stop before the end of the 
mRNA is reached. Therefore, a large variety of cDNA 
species may be produced from each mRNA species (not shown 
in Figure 1). Each species will behave more or less 
similarly in the subsequent cloning process so that 
bacterial clones will be produced which contain recombi- 
nant DNA molecules having only a fragment of the gene for 
a particular protein. The presence of these fragment-con 
taining clones even further complicates the final clone 
screening process. 

The sizes of the various single-stranded cDNAs 
were determined by electrophoresis of a small aliquot on 
a alkaline 2% agarose gel using 30 mM NaOH, 2 raM EDTA as 
electrolyte (M. W. McDonell et al . , "Analysis Of Restric- 
tion Fragments Of T7 DNA And Determination Of Molecular 
Weights By Electrophoresis In Neutral And Alkaline Gels", 
J. Mol. Biol. , 110, pp. 119-46 (1977)). The 32 P-cDNA had 
a length of 600-1000 nucleotides, relative to single- 
stranded globin cDNA and 32 P-labeled DNA fragments used 
as size markers. 

PREPARATION OF DOUBLE- STRANDED cDNA 

The single-stranded cDNA may be rendered double 
stranded by treatment with DNA polymerase I (T. Maniatis 
et al . , "Amplification And Characterization Of A 
P-Globin Gene Synthesized In Vitro ", Cell , 8, pp. 163- 
82 (1976)). The precipitated single-stranded cDNA from 
above was dissolved in 200 \sl H 2 0, heated at 100°C for 



22 



00321 34 



2 min and incubated in 500 pi 0.1 M heat denatured potas- 
sium phosphate buffer (pH 6.9), 10 mM MgCl 2 , 10 mM DTT 
(Calbiochem), 1 mM each of dATP (Merck), dGTP (Schwarz) 
and dCTP (Laevosan), 1 mM 3 H-dTTP (NEN, specific activity 
100,000 cpm/nmole) and 150 units/ml of E. coli DNA poly- 
merase I (Boehringer-Mannheim). After 6.5 h at 15°C, 
0.5 M EDTA and 20% SDS were added to 10 mM EDTA and 0.1% 
SDS. The mixture was then extracted with 500 pi phenol 
and the phenol phase was reextracted with 250 pi 20 mM 
Tris-HCl (pH 7.5), 5 mM EDTA ("TE buffer"). The two 
aqueous phases were combined and chromatographed on a 
5-ral Sephadex G-100 column under the same conditions 
described previously, sodium acetate (3M) was added to 
0.3 M and 2.5 vol ethanol were mixed into precipitate the 
DNA. A total of 13 pg DNA was recovered. 

The DNA was treated with nuclease S lt prepared 
by the method of R. C. Wiegand et al . , "Specificity Of 
The Sj Nuclease From Aspergillu s orvzal", J. Biol. Chem. , 
250, pp. 8848-55 (1975). The precipitated DNA was dis- 
solved in 250 pi S! buffer (0.2 M NaCl, 50 mM sodium 
acetate (pH 4.5), 10 mM zinc sulfate) and warmed at 37°C 
for 30 min. 1.5 jil S, enzyme (11 units/pl) were added 
and the mixture incubated at 37°C for 30 min. SDS and 
EDTA were added to 0.1% SDS and 5 mM EDTA, and the mixture 
was extracted with 250 pi phenol. The phenol phase was 
washed with 100 ul TE buffer. The aqueous phases were 
combined and chromatographed on a Sephadex G-100 (Pharma- 
cia) column in TNE; 0.1-ml fractions were collected at 
0.3 ml/min and the Cerenkov radiation of each fraction 
was determined. 8 pg of double-stranded cDNA were 
recovered after precipitation, with ethanol and sodium 

acetate as above. 

Again, it must be recognized that the double- 
stranded cDNA produced above is a mixture of a large 
number of cDNAs and fragments thereof, only a very few of 
which are HuIFN-ocDNA or its fragments (Figure 1). 
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CLONING OF DOUBLE- STRANDED DNA 

A wide variety of host/cloning vehicle combina- 
tions may be employed in cloning the double-stranded cDNA 
prepared as above described. For example, useful cloning 
vehicles may consist of segments of chromosomal , non- 
chromosomal and synthetic DNA sequences, such as various 
known bacterial plasmids, e.g. , plasmids from E. coli 
including col El, pCRl, pBR322 and their derivatives, 
wider host range plasmids, e.g. , RP4, phage DNA, e.g. , 
the numerous derivatives of phage \. e.g. , NM 989, and 
vectors derived from combinations of plasmids and phage 
DNAs such as plasmids which have been modified to employ 
phage DNA or other expression control sequences or yeast 
plasmids such as the 2 m plasmid or derivatives thereof. 
Useful hosts may include bacterial hosts such as strains 
of E. coli , e.g. , E. coli HB 101, E. coli X1776, E. coli 
X2282, E. coli MRCI and strains of Fseudomonas , Bacillus 
subtilis . Bacillus stearothermophilus and other bacilli, 
yeasts and other fungi, animal or plant hosts such as 
animal (including human) or plant cells in culture or 
other hosts. Of course, not all host/vector combinations 
may be equally efficient. The particular selection of 
host/cloning vehicle combination may be made by those of 
skill in the art after due consideration of the principles 
set forth without departing from the scope of this 
invention. 

Furthermore, within each specific cloning 
vehicle, various sites may be selected for insertion of 
the double- stranded DNA. These sites are usually desig- 
nated by the restriction endonuclease which cuts them. 
For example, in pBR322 the PstI site is located in the 
gene for 0 -lactamase, between the nucleotide triplets 
that code for amino acids 181 and 182 of that protein. 
This site was employed by Villa-Komarof f et al. , supra , 
in their synthesis of protein displaying rat proinsulin 
antigenic determinants. One of the two Hind i I endonucle- 
ase recognition sites is between the triplets coding for 



24 



00321 34 



amino acids 101 and 102 and one of the several Tag. sates 
at the triplet coding for amino acid 45 of p-lactamase in 
PBR322. in similar fashion, the EcoRI site and the PvuII 
site in this plasmid lie outside of any coding region, 
the EcoRI site being located between the genes coding for 
resistance to tetracycline and ampicillin, respectively. 
This site was employed by Itakura et^ and Goeddel 
et al in their recombinant synthetic schemes, supra. 
These sites are well recognized by those of skill in the 
art It is. of course, to be understood that a cloning 
vehicle useful in this invention need not have a restric- 
tion endonuclease site for insertion of the chosen DNA 
fragment. Instead, the vehicle could be joined to the 
fragment by alternative means. 

The vector or cloning vehicle and in particular 
the site chosen therein for attachment of a selected DNA 
fragment to form a recombinant DNA molecule is determined 
by a variety of factors, e.g., number of sites susceptible 
to a particular restriction enzyme, size of the P^tem 
to be expressed, susceptibility of the desired protein to 
proteolytic degradation by host cell enzymes, «» ta »^- 
tion of the protein to be expressed by host cell protems 
difficult to remove during purification, expression 
characteristics, such as the location of start and stop 
codons relative to the vector sequences, and other factors 
recognized by those of skill in the art. The choice of 
vector and an insertion site for a particular gene is 
determined by a balance of these factors, not all selec- 
tions being equally effective for a given case. 

Although several methods are known in the art 
for inserting foreign DNA into a cloning vehicle or 
vector to form a recombinant DNA molecule, the method 
preferred for a first construction in accordance wxth 
this invention is described in Villa-Komaroff et_al. , 
supra, and displayed in Figure 1. This method is charac- 
terized by digesting the plasmid (in P a ~ icular / BR ^ 2 > 
with that restriction enzyme specific to the site chosen 
for the insertion (in particular Pstl ) and adding dGMP 
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tails to the termini by terminal transferase. dGMP tails 
are added to the 5» termini of the cut plasmid to regener- 
ate the PstI site and permit linkage to a cDNA fragment 
carrying the complementary tails. In similar fashion, 
the double-stranded cDNA is elongated by the addition of 
dCMP tails to the 3* termini to allow joining to the 
tailed plasmid. The tailed plasmid and cDNA are then 
annealed to insert the cDNA in the appropriate site of 
the plasmid and to circularize the hybrid DNA, the comple- 
mentary character of the tails permitting their cohesion 
(Figure 1). The resulting recombinant DNA molecule now 
carries a gene at the chosen restriction site (Figure 1). 

Of course, other known methods of inserting DNA 
sequences into cloning vehicles to form recombinant DNA 
molecules are equally useful in this invention. These 
include, for example, direct ligation, synthetic linkers, 
exonuclease and polymerase-linked repair reactions 
followed by ligation, or extension of the DNA strand with 
DNA polymerase and an appropriate single stranded template 

followed by ligation. 

It should, of course, be understood that the 
nucleotide sequences or cDNA fragment inserted at the 
selected site of the cloning vehicle may include nucleo- 
tides which are not part of the actual structural gene 
for the desired polypeptide or may include only a fragment 
of the complete structural gene for the desired protein. 
It is only required that whatever DNA sequence is in- 
serted, a transformed host will produce a polypeptide 
having a biological or immunological activity of HulFN-cr 
or that the DNA sequence itself is of use as a hybridiza- 
tion probe to select clones which contain DNA sequences 
useful in the production of polypeptides having an immuno- 
logical or biological activity of HuIFN-a . 

The cloning vehicle or vector containing the 
foreign gene is employed to transform a host so as to 
permit that host to express the protein or portion thereof 
for which the hybrid DNA codes. The selection of an 
appropriate host is also controlled by a number of factors 
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recognized by the art. These include, for example, 
edibility with the chosen vector, toxicity of protexns 
encoded by the hybrid plasmid, ease of recovery of the 
desired protein, expression characterises . bxosafety 
and costs. A balance of these factors must be struck 
with the understanding that not all hosts may be equally 
effective for expression of a particular recombinant DNA 

molecule. ^ ^ present synt hesis, the preferred initial 
cloning vehicle is the bacterial plasmid pBR322 and the 
preferred initial restriction endonuclease sxte therein 
is the PstI site (Figure 1). The plasmid is a ^11 
(noleculal weight approx. 2.6 megadaltons) plasmxd carry- 
ing resistance genes to the antibiotics ampxcxllxn (Amp). . 
and tetracycline (Tet). The plasmid has been fully 
characterized (F. Bolivar et_al . , "Construction And 
Characterization Of New Cloning Vehicles XI. A Multipur- 
pose Cloning System", Gene, pp. 95-113 (1977); * 
Sutcliffe, "PBR322 Restriction Map Derived From The DNA 
Seance! Accurate DNA Size MarKers Up To 4361 Nucleotide 

Pairs Long", leic Acids Research, 5, pp. 2721-28 

(1978)). Insertion of the DNA product in thxs sxte 
provides a large number of bacterial clones each of whxch 
contains one of the DNA genes or fragments thereof present 
in the DNA product previously prepared. Agaxn, only a 
very few of these clones will contain the gene for IFN-a . . 
or fragments thereof (Figure 1). The preferred host for 
initial cloning in accordance with this i^entxon xs - 
E . coli HB 101. Other experiments were conducted wxth 
77^H X1776, a host described in British patent 1,516,458 
Ind~placed on deposit with the American Type Culture 
Collection, Rockville, Maryland, USA, where xt has been 
assigned ATCC No. 31244. 

!. p ^r-ation o f PstI -Cleaved, dOMP-elonqated P BR32 2 

Plasmid pBR322 (20 M 9) was digested with 21 
units PstI endonuclease (MRE Porton Downs or New England 
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Biolabs) in 150 |il 10 oH Tris-HCl <pH 7.5), 6 mM MgCl 2 , 
50 mM NaCl, 6 mM 2-mercaptoethanol, 200 mg/pl bovine 
serum albumin ( "BSA" ) (Calbiochem) . After 2 h at 37°C, 
the mixture was extracted with 1 vol phenol-chloroform 
(1:1) and 1 vol ether and precipitated with ethanol. 

Addition of homopolymeric dGMP tails (Figure 1) 
by terminal deoxynucleotidyl transferase (TdT) (purified 
according to F. J. Bollum, "Deoxynucleotide Polymerizing 
Enzymes From Calf Thymus Gland", in Methods in Enzymology, 
(L. Grossman and K. Moldave, eds.), Academic Press. Ne-,; 
York, 128, pp. 591-611 (1968)) was done in a 328-pl 
reaction volume containing 100 mM sodium cacodylate 
(pH 7.2), 10 mM NaH 2 PO«, 5 mM MgCl 2 1 mM dGTP, 50 pg/pl 
BSA, and 3-6 units of TdT (purified as above) per \iq of 
DNA. Incubation was at 37°C for 20 min. EDTA was added 
to 10 mM and the mixture extracted as above and dialyzed 
for 2 days against TNE buffer. 

2. Preparation of dCMP-elonqated DNA 

Double-stranded DNA was elongated with dCMP 
residues by standard procedures (E.g. , Villa-Komarof f 
et al. . supra). 150 ng of the double-stranded cDNA. 
described above were incubated in 8 pi 100 mM sodium 
cacodylate (pH 7.2), 2.5 mM CoCl 2 , 50 pg/pl BSA, 0.1 mM 
dCTP containing 3-6 units of purified TdT per jig of DNA 
for 8 min at 27°C and then frozen at -20°C. As before, 
the dCMP-elongated DNA is a mixture of different species, 
only a very few of which are iFN-related (Figure 1). 

3. Preparation of Ca^-Treated E. coli X1776 

A single colony of E. coli X1776 was inoculated 
into 100 ml tryptone medium (C. Weissmann and W. Boll, 
"Reduction Of Possible Hazards In The Preparation Of 
Recombinant Plasmid DNA" , Nature . 261, pp. 428-29 (1976). 
supplemented with 100 jig/ml diaminopimelic acid (Koch- 
Light Laboratories), 10 pg/ml nalidixic acid (Calbiochem) 
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and 10 ug/ml tetracycline (Achromycin®, American 
Cyanamid). The culture was grown at 37"C to an apparent 
optical density of 0.6 at 650 nm (OD 650 ) (as measured xn 
a Beckman DB spectrophotometer) and chxlled xn ice for 
30 min. The culture was then sedimented at 4000 rpm xn a 
sorvall H4 swinging bucket rotor, the cells washed wxth 
50 ml 10 oH NaCi, repelleted by centrifugatxon, and 
resuspended in 20 ml 100 mM CaCl 2 . The suspensxon was 
cooled in ice for 30 min, pelleted by centrifugatxon and 
resuspended in 4 ml of 100 mM CaCl 2 and kept on ice 
overnight for use. E coli HB101 was prepared for trans- 
formation by the method of M. Mandel and A. Hxga, 
-calcium-Dependent Bacteriophage DNA Infectxon", J. Mol, 
Biol 53, pp. 159-62 (1970). Aliquots (0.5 ml) were 
k^pTfrozen at -70°C and retained their activity for at 
least 3 months . 

4 Annealing of dGMP-elongated pBR322 
and dCMP-elongated DNA _ 

The annealing of the tailed, Pstl-cleaved 
PBR322 and tailed cDNA was as described in J. Van den 
Berg et al. , "Comparison Of Cloned Rabbit And Mouse 
6-globin^nes Showing Strong Evolutionary Divergence 
Of Two Homologous Pairs Of Introns", Nature, 276, pp. 37- 
44 (1978). 8 ng of dCMP-elongated DNA product were mxxed. 
with 22 ng of dGMP-elongated Pstl-cleaved pBR322 in 50 M l 
TNE buffer, incubation was for 4 successive l b stages 
at 65«C 46-C, 37"C and 20»C. 20 pi 100 mM Tris-HCl 
( P H 7.5K 100 mM CaCl 2 , 100 mM MgCl 2 and 50 pi TNE buffer 
were added and the mixture cooled in ice for 20 mm. 

The product is, of course, a large mixture of 
different recombinant DNA molecules and some cloning 
vehicles without inserted DNA sequences. However, each 
recombinant DNA molecule contains a cDNA segment at the 
Pstl site Each such cDNA segment may comprise a gene or 
Tlragmeni thereof. Only a very few of the cDNA segments 
code for I FN or a portion thereof (Figure 1). The vast 
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majority code for one of the other proteins or portions 
thereof whose mRNA' s were part of the poly(A) RNA used in 
the process of this invention (Figure 1). 

5. Transfection Of E. coli X1776 

With The Annealed Hyb rid Plasmids 

The transfection of E. coli X1776 with the 
mixture of recombinant DNA molecules was as described in 
j. van den Berg et al . , supra . P3 containment facilities 
were used for the transfection process and all subsequent 
steps in which the resulting transformed bacteria were 
handled. The annealed pBR322 recombinant DNA molecules 
were added to 100 pi of Ca ++ -treated E. coli X1776, 
prepared previously, and the mixture cooled in ice for 
20 min, heated at 20°C for 10 min, and 0.6 ml tryptone 
medium added. The mixture was plated onto 2 tryptone 
medium agar plates supplemented as above. Transfection 
efficiency was 3.3 x 10 4 colonies per pg of annealed 
PBR322 transfecting DNA; native pBR322 gave 3 x 10 6 

colonies per pg. 

Since plasmid pBR322 includes the gene for 

tetracycline resistance, E. coli hosts which have been 
transformed with a plasmid having that gene intact will 
grow in cultures containing that antibiotic to the exclu- 
sion of those bacteria not so transformed. Therefore, 
growth in tetracycline-containing culture permits selec- 
tion of hosts transformed with a recombinant DNA molecule 

or recyclized vector. 

After 48 h at 37 °C, individual colonies were 
picked and suspended in 100 pi tryptone medium (supple- 
mented as above) in the wells of microti ter plates 
(Dynatech). After incubation at 37°C overnight, 100 pi 
40% glycerol were mixed into each well. The plates were 
stored at -20°C and a library of 100,000 individual 
clones of transformed E. coli X1776 was prepared. 

These 100,000 clones contain a variety of 
recombinant DNA molecules representing complete or parti. 
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copies of the mixture of mRNAs in the poly (A) RNA prepara- 
tion from IFN-producing leukocytes (Figure 2). The 
majority of these will contain only a single recombinant 
DNA molecule- Only a very few of these recombinant DNA 
molecules are related to I FN. Accordingly, the clones 
must be screened to' separate the IFN-related clones from 

M 

the others. 

SCREENING FOR A CLONE CONTAINING HuIFN-acDNA 

There are several approaches to screen for 
bacterial clones containing human leukocyte interferon 
cDNA ( "HuIFN-cr cDNA" ) . These include, for example, RNA 
selection hybridization (Alwine et al. , infra), differen- 
tial hybridization (T. P. St. John and R. W. Davis, 
"Isolation Of Galactose- Inducible DNA Sequences From 
Saccharomyces Cerevisiae By Differential Plague Filter 
Hybridization", Cell, 16, pp. 443-452 (1979); Hoeijmakers 
et al. , infra), hybridization with a synthetic probe 
(B. Noyes et al. , "Detection And Partial Sequence Analysis 
Of Gastrin mRNA By Using An oligodeoxynucleotide Probe", 
Proc. Natl. Acad. Sci. USA , 76, pp. 1770-1774 (1979)) or 
screening for clones that produce the desired protein by 
immunological (L. Villa-Komarof f et al. , supra) or biolog- 
ical (A.C.Y. Chang et al. , supra ) assays. We have chosen 
RNA selection hybridization as being the most convenient 
and promising method for primary screening of clones con- 
taining IFN-acDNA. 

A. RNA selection Hybridization Assay 
1. overview Of The Initial Assay 

Referring now to Figure 2, recombinant DNA was 
isolated from a culture of a mixture of 512 clones from 
the above library of clones (two mixtures of 2 clones 
shown in Figure 2) (Step A). The reason for selecting 
this batch size will be explained below. The recombinant 
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DNA molecules were cleaved, denatured and hybridized to 
leukocyte poly(A) RNA containing IFN-amRNA prepared as 
before (Step B). All recombinant DNA molecule-poly (A) 
RNA hybrids were separated from the non-hybridized poly (A) 
RNA (Step C). The poly (A) RNA was recovered from the 
hybrids and purified (Step D). The recovered RNA was 
assayed for IFN-amRNA activity as above (Step E). If. 
and only if, the mixture of recombinant DNA molecules 
contains a recombinant DNA molecule having an inserted 
nucleotide sequence capable of hybridizing to the IFNmRNA 
in the poly(A) RNA under stringent hybridization condi- 
tions, will the mRNA released from that hybrid cause the 
formation of IFN-a in oocytes, because mRNA released from 
any other recombinant DNA molecule-poly(A) RNA hybrid 
will not be IFN-o-related. If a group of 512 clones gave 
a positive response, the clones were regrouped in 8 lots . 
of 64, and each lot assayed as before. This process was 
continued until a single clone responding to this assay 

was identified. 

There is no assurance that the recombinant DNA 

molecules and bacterial clone transformed therewith, 

which are thus identified, contain the complete IFN-acDNA 

sequence of IFN-a or even that the DNA sequence actually 

codes for IFN-a . However, the recombinant DNA molecules 

will certainly contain extensive nucleotide sequences 

complementary to the IFN-amRNA coding sequence. Therefore, 

the recombinant DNA molecule may at least be used as a 

source of a probe to screen rapidly other recombinant DNA 

molecules and clones transformed with them to identify 

further sets of clones which may contain an authentic and 

complete IFN-a nucleotide coding sequence. 

2. Theoretical Consi derations 

The conditions for the hybridization (Step B) 
are critical. The absolute concentrations and the ratio 
of recombinant DNA molecule and poly(A) RNA must be 
chosen so as to take into consideration reaction rate and 
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stoichiometry. The proper choice is difficult to make, 
because the proportion of IFN-ermRNA in the poly(A) RNA is 
not known. In order to assure controlled and adequate 
kinetics, the hybridization was carried out under condi- 
tions where the concentration of DNA sequences from the 
recombinant DNA molecules was in excess as compared to 
the estimated IFN-amRNA concentration. In a mixture of 
512 possible different recombinant DNA molecules, an 
IFN-a-related DNA sequence ( "IFN-aR DNA") will either not 
occur (giving a negative assay), or it will constitute at 
least about 1/512 of the recombinant DNA molecules. The 
concentration of the recombinant DNA molecule mixture and 
therefore the concentration of the IFN-aR DNA, if any, 
can thus be adjusted in the hybridization step to ensure 
adequate hybridization rates. In addition, the amount of 
the IFN-aR DNA in the reaction mixture must be sufficient 
to bind enough IFN-amRNA from the poly(A) RNA to allow 
detection of IFN-a after injection into oocytes of the 
mRNA recovered from the recombinant DNA molecule-poly (A) 
RNA hybrid. 

in order to detect IFN-a by the assays available, 
its concentration should be 100 lU/ml or higher. Because 
0 5 ml aliguots are required for replicate determinations, 
50 IU should be generated in the oocytes. The poly (A) 
RNA from induced leukocytes, used previously, generates 
about 500 IU IFN-a upon injection of 1 ug into oocytes. 
Therefore, at least 0.1 ug poly(A) RNA has to be in D ected 
to generate the needed 50 IU. Model experiments with 
rabbit globin mRNA and rabbit p-globin cDNA clones showed 
that the overall recovery of '"I-globin mRNA in the 
oocyte relative to ««I-globin mRNA added to the hybridi- 
zation mix was about 10%, and the recovery of mRNA activ- 
ity about 5%. Therefore, at least 0.1/0.05 = 2 ug of 
leukocyte poly(A) RNA should be used for the hybridiza- 
tion assay. To ensure an adequate safety margin, 12 ug 
of poly (A) RNA were used per assay. 

To calculate how much DNA from the recombinant 
DNA molecules is required to bind the IFN-amRNA in 12 ug 
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of poly(A) RNA, the IFN-amRNA content of poly(A) RNA was 
estimated. One yg of poly(A) RNA generates 500 1U of IF. 
The specific activity of IFN-a lies between 2 x 10* and 
10 9 IU/mg protein. 500 IU of IFN-a therefore correspond 
to between 500/2 x 10 8 = 2.5 x 10" 6 mg (2.5 ng) and 
500/10 9 = 5 x 10" 7 mg (0.5 ng) of interferon. 

The relationship between the amount of IFN-omRNA 
injected into an oocyte and the amount of IFN-a produced 
is unknown. In the case of p-globin mRNA, about 30 
molecules of protein per molecule mRNA are produced per 
hour; this value is about 6 for p-globin (J.B. Gurdon 
et al . , "Message Stability In Injected Frog Oocytes: 
Long Life Of Mammalian And B-Globin Messages", J. Mol. 
. Biol. , 80, pp. 539-51 (1973)). Assuming an average value 
of 20 for IFN-a , a molecular weight of 18000 for IFN-a 
and a molecular weight of 330 '000 for IFN-amRNA, then 
26 mg (18000/330000 x 20 x 24) of IFN-a should be produced 
in 24 h per mg of IFN-amRNA injected. If the specific 
activity of IFN-a is 2 x 10 8 /rog (2 x 10 2 IU/ng). then 
1 ng IFN-amRNA will yield 26 x 2 x 10 2 = 5.2 x 10 3 IU of 
IFN-a. If the specific activity is 10 9 /mg (10 3 IU/ng). 
the amount of IFN-a produced would be 2.6 x 10 4 IU. 
Because 1 ug of leukocyte poly(A) RNA yields 500 IU of 
IFN-a, under the above assumed conditions, the concentra- 
tion of IFN-amRNA in 1 wg poly(A) RNA would fall between 
0.1 ng to 0.02 ng and the proportion of IFN-amRNA in 
leukocyte poly (A) RNA would lie between 1:10'000 and 
1:50-000. Therefore, 12 \tg of poly(A) RNA contains about 

1.2 ng to 0.2 ng IFN-amRNA. 

Should the translation ratio of the IFN-amRNA 
in the oocytes be lower by an order of magnitude than the 
average for globin mRNA, the IFN-amRNA content of the 
poly (A) RNA would be 10 times higher than calculated 
above, or between about 1:1000 to 1:5000. And, 12 pg of 
poly (A) RNA would then contain about 12 ng to 2 ng of 
IFN-amRNA. On the other hand, should the translation 
ratio of the IFN-amRNA in the oocytes be higher by an 
order of magnitude than the average for globin mRNA, the 
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IF N-amRNA content of the poly(A) RNA would be 10 tunes 
lower than calculated above, or between about 1:100-000 
and 1:500-000. And, 12 pg of poly (A) RNA would then 
contain 0.1 ng to 0.02 ng IFN-amRNA. 

Plasmid pBR322 has 4361 b.p. The complete cDNA 
of IFN-amRNA would add about 800-1000 b.p. to pBR322 on 
formation of P BR322-IFN-acDNA to a total of about 5200- 
S400 bp. Its molecular weight would thus be about 12 
times (2 x 5200/800) that of the IFN-crmRNA alone. There- 
fore in order to bind the IFN-crmRNA calculated above to 
be present in 12 pg poly(A) RNA required for the assay, 
an amount of recombinant DNA molecules equal to 12 times 
the amount of the IFN-crmRNA will be required (stoichiome- 

trie amount) . 

Because the IFN-crmRNA content of the poly (A) 

RNA used to prepare the recombinant DNA molecules had 
been increased 10 to 40-fold over that of the crude 
poly(A) RNA, the group of 512 clones should have 10 to 40 
times more clones containing the desired IFN-amRNA than 

calculated from the above. 

If IFN-amRNA is 1 part in 1000 of the crude 
poly(A) RNA, then 12 pg of poly(A) RNA contain 12 ng 
IFN-amRNA and the stoichiometric amount of IFN-acDNA 
plasmid is 144 ng. Since a group of 512 clones will 
contain at least 5 with IFN-acDNA inserts, the amount of 
total hybrid plasmid DNA required is 14.8 pg (144 x 
512/5 x 10" 3 ). If IFN-amRNA is 1 part in 10-000, then 
12 pg of poly(A) RNA contain 1.2 ng IFN-amRNA and the 
amount of IFN-acDNA plasmid required is 14.4 ng. A group 
of 512 clones will contain either 0 or 1 IFN-acDNA insert, 
so that the amount of total hybrid plasmid DNA required 
is 7.4 pg (14.4 x 512 x 10"*). If IFN-amRNA is 1 part in 
100 '000, then the amount of total hybrid plasmid DNA 
required is 0.74 pg (1.44 x 512 x 10'* ) . In order to 
ensure that the hybridization reaction will proceed under 
DNA excess conditions (i^. excess recombinant DNA as 
compared to poly(A) RNA), 20 pg of the mixture (about 1.4 
to 30-fold excess) was chosen for the assay. 
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Hybridization must be conducted under conditions 
which ensure (a) that the hybridized portion of the 
poly (A) RNA is recovered intact and in a biologically 
active form, (b) that non-specific DNA-mRNA association 
is prevented, and (c) that the hybridization reaction 
goes to at least 75% completion. These conditions are 
most likely to be met by hybridization in 80% formamide, 
0.4M NaCl (J. Casey and N. Davidson, "Rates Of Formation 
And Thermal Stability Of RNA : DMA And DNA : DNA Duplexes At 
High Concentrations Of Formamide", Nucleic Acids Res . , 4, 
pp. 1539-52 (1977)). In this solution, hybridization can 
be conducted at about 40°C (rather than the 60°-70°C 
required when formamide is omitted). Lower temperatures 
are preferred to minimize damage to the poly(A) RNA. We 
chose a hybridization temperature of 56°C. This is about 
3° below the T^ (J. Casey and N. Davidson, supra ) and 
about 10-13° below T^ (Hamaguchi & Geidushek, J. Amer. 
Chem. Soc , 84, p. 1329). Therefore, this temperature 
should not allow hybridization of sequences with less 
than about 87% homology, since a 1% mismatch lowers the 

T i^d by 10 * T# F# Bonner et al : ' "Reduction In The Rate 

Of DNA Reassociation By Sequence Divergence", J. Mol. Biol. , 

81, pp. 123-35 (1973)). 

In the present hybridization, self -hybridization 
of DNA is not a major problem because the mixture of 
DNA's being used consists of the same vector (pBR322) and 
a variety of cDNA inserts. Therefore, most of the DNA 
sequences will be heteroduplexes in which the inserts are . 
available for hybridization to poly(A) RNA. It is very 
unlikely that complementary cDNA inserts which form part 
of different duplexes will interact because of topological 
constraints. In any event, DNA : DNA reassociation is 
minimized under the reaction conditions used (J. Casey 
and N. Davidson, supra ) . 

To determine the hybridization time required to 
ensure at least 75% reaction, a second order rate equation 
was employed: 



t 

where : 



and: 

3 



-36- 



00321 34 



Co - Ro + Ro (1 - 



In 



Ro 



) 



(Co - RO) 



= 3.9 h 



R = molar nucleotide concentration of hybrid- 
ized RNA 

Co = molar nucleotide concentration of initial 

DNA to be hybridized 
Ro = molar nucleotide concentration of initial 

RNA to be hybridized 
k R = rate constant for RNA-DNA hybridization 
t = time (sec) 

-?L = 0.75 (75% reaction completion) 
lo _ 
1^ = 472 <k R = 1/12 k d (J. Casey and 

N. Davidson, supra ) 

where: k d = second order rate con- 
stant for DNA under the 
chosen conditions of 
hybridization 

and: k d = 1.7 x 10 5 x L** x N~> 

(J. R. Hutton and J. G. 
Wetmur , "Renaturation 
Of Bacteriophage 
& X174 DNA-RNA Hy- 
brid: RNA Length 
Effect And Nucleation 
Rate Constant", J. Mol. 
Biol. , 77, pp. 495-500 
(1973)) 
L = 900 (chain length in 
b.p.; about 900 are 
present in the full 
IFN-acDNA insert) 
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N = 900 (complexity in b.p. 
of the hybrid chain; 
here the complexity 
is 900 because the 900 
nucleotides of the 
IFN-crmRNA join with the 
complementary 900 
nucleotides of the 
IFN-acDNA insert) 
Co = 2.5 x 10" 7 (Based on a 40 pi solution 

containing the previously 
determined 20 pg of recombi- 
nant DNA molecules to be 
used in the assay, again 
assuming that the IFN-acDNA 
insert will be 1/12 of a 
recombinant DNA molecule 
and will occur in at least 
1 of the 512 clones, and 
assigning 662 as the average 
molecular weight of one DNA 
base pair) 

Ro = 8.7 x 10" 8 (Based on a 40 pi solution 

containing the previously 
determined 12 \*q of poly(A) 
RNA to be used in the 
assay, again assuming that 
the poly (A) RNA contains 
1:10 '000 parts IFN-crmRNA 
(given the large excess of 
DNA a different proportion 
will have little effect on 
the rate of hybridization) 
and assigning 343 as the 
average molecular weight of 
one ribonucleotide of RNA) 
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3 . Execution Of The I nitial Assay 

Step A-Preparation and Cleavage of the 
Recombinant DNA Molecule Mixture 

The desired number of bacterial clones was 
inoculated onto tryptone medium agar plates supplemented 
as above, by transferring to it an aliquot from each 
microti ter well with use of a mechanical device. After 
incubation at 37°C, each clone had given rise to a colony 
of several mm diameter. All colonies were washed off the 
plate(s) and pooled to give an inoculum used to inoculate 
1 1 of tryptone medium supplemented as above in a 2 1 
Erlenrayer flask. The culture was shaken at 37 °C to an 
apparent OD 650 of about 0.8 (estimated visually). One 
volume of supplemented tryptone medium and chloramphenicol 
to 170 pg/ral were added to the culture which was further 
shaken at 37 *C for 16 h. 20 ml chloroform were added and 
the culture shaken again for 10 min at 37*C to kill the 
bacteria (C. Weissmann and W. Boll, supra). The culture 
was decanted from the chloroform and the cells were 
harvested by centrifugation (Sorvall GS3 rotor) for 
15 min at 6000 rpm and 4°C. About 1-2 g of cells were 
obtained for each 1-liter preparation. The cells were 
suspended in 30 ml 20 mM Tris-HCl (pH 7.5), centrifuged 
for 20 min at 5000 rpm and 4°C (Sorvall SW rotor) and 
resuspended in 30 ml 50 mM Tris-HCl (pH 7.5). 0.25 vol 
of lysozyme solution (10 mg/ml in 50 mM Tris-HCl (pH 7.5)) 
were added and after cooling for 10 min at 0°C 0.33 vol 
(based on the vol of the original 50 mM Tris-HCl-culture 
suspension) 0.5 M EDTA (pH 8.0) were gently mixed in 
without shaking. After another 10 min at 0°C. 1/16 vol 
(again based on the original volume) of 2% Triton X-100 
were added. After 60 min, the sample was centrifuged for 
60 min at 10 -000 rpm and 0°C in a Sorvall SW rotor. The 
supernatant was transferred to a beaker containing a 
magnetic stirrer, and 3M NaOH was added with stirring 
until a pH of 12.5 was reached, as measured at 20°C, 
using a glass electrode and an Orion Research model 



-39- 



00321 34 



601 P H meter, standardized with Beckman pH 10 Carbonate 
Buffer Standard (No. 3505). After stirring 10 min at 
20°C, the pH was adjusted to 8.5. After 3 min further 
stirring 1/9 vol 5 M NaCl and 1 vol phenol (distilled and 
equilibrated with 9.5 M NaCl) were added and vigorous 
stirring continued for 5 min. The phases were separated 
by centrifugation (GSA Sorvall rotor) at 10' 000 rpm and 
O c C for 10 min. The supernatant containing Form I DNA 
(circular double-stranded DNA) was carefully removed from 
the interphase (which contains single-stranded DNA) and 
extracted 3 times with chloroform. (Phenol must be 
largely removed at this step). The Form I DNA fraction 
will contain those recombinant DNA molecules (pBR322-cDNA 
insert) originally used in transforming those host cells 
which form part of the 512 clones chosen for assay. 

Pancreatic RNAase A (5 mg/ml, preheated 10 min 
at 85° C) was added to the Form I DNA to a concentration 
of 20 Hg/n>l and the mixture incubated 60 min at 37°C. 
1/5 vol 5 M NaCl were added and the mixture adjusted with 
30% polyethylene glycol 6000 (Union Carbide, autoclaved 
20 min at 120°C) up to a final concentration of 7.5% PEG. 
After 2-16 h at -10°C, the precipitate was collected in a 
Sorvall SW Rotor for 20 min at 8 '000 rpm and 0°C, dis- 
solved in 0.075 M NaCl, 0.0075 M Na-citrate to an absor- 
bance of 20 at 260 nm, and adjusted to 0.5% SDS. The 
solution was incubated for 30 min at 37°C with 0.5 mg/ml 
Pronase (self-digested at 20 mg/ml, 2h at 37°C) and 
extracted 3 times with 1 vol distilled phenol and 2 times 
with 1 vol chloroform. The sample (up to 2 ml of a 
1 mg/ml DNA solution) was centrifuged through a 5 to 23% 
sucrose gradient in 50 mM Tris-HCl (pH 7.5), 1 mM EDTA 
for 15 h at 21 '000 rpm and 15°C using an SW 27 Beckman 
Rotor. Fractions were collected and the OD 260 monitored. 
DNA-containing fractions were pooled and the DNA precipi- 
tated with sodium acetate and ethanol. 20 to 100 \tg of 
the Form I DNA mixture were recovered by centrifugation. 

Twenty \tg of purified Form I DNA were digested 
in 150 pi 10 mM Tris-HCl (pH 7.5), 6 mM MgClj, 50 mM 
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Naci 6 mM 2-mercaptoethanol. 200 pg/ml BSA or gelatxn 
and 20 units Hindi II (New England Biolabs). The Hindlll 
restriction enzyme cleaves the Form I DNA at a sxte 
within the PBR322 moiety (It is unlikely that the cDNA 
moiety is also cleaved, but if it is, the assay should 
not be substantially affected). After 2 h at 37 C. an 
aliquot (1%) was analyzed by electrophoresis through a 1% 
agarose gel in 50 mM Tris-acetate (pH 7.8), 2 mM EDTA for 
1 h at 50 mA to ascertain whether digestion was complete^ 
If digestion was not complete, more Hindlll was added and 
incubation continued for 2 h. When the Form I DNA was 
converted totally to linear molecules, Pronase 
(Calbiochem), EDTA and SDS were added to 0.5 mg/ml, 10 mM 
and 0.5% respectively After 30 min at 37«C the solutxon 
was extracted with 30 pi phenol-chloroform (1:1). The 
organic phase was washed with 50 pi 20 mM Tris-HCl 
(pH 7.5). 1 mM EDTA. and the combined aqueous phases 
extracted 3 times with ether, filtered through a 0 1-ml 
Chelex column, collected in an EDTA-boiled Pyrex tube 
and precipitated with 1/10 vol 3M sodium acetate and 
2.5 vol ethanol. After standing overnight at -20 C. tne 
DNA was collected by centrifugation. 

StepB - Hybridization of the DNA with Poly(A) 

RNA 

Two hybridization mixtures were prepared. 
Mixture I contained 4 pi of 10-fold concentrated hybrid! - 
Lion buffer (4M NaCl, 0.1 PIPES (pH 6.4 1.4 P^™" 
diethane sulfonic acid, Sigma). 50 mM EDTA 0.5 pi (about 
5 „ g i"i-globin mRNA (5000 cpm) and 6 pi xnduced leuko- 
cyte poly(A) RNA (2 pg/pl), an amount sufficient to 
generate 6000 IU of I FN when injected into oocytes. 
Mixture II contained 10 pg of the Hindlll digested Formal 
DNA from above and 0.1 pg of Pstl-digested Z- P BR322(H3 )/ 
RCPG-4.13 (a pBR322 derivative that contains the 
sequence in the Hindlll site) (Mantei etjil^ "Rabbxt 
p-globin mRNA Production In Mouse L Cells Transformed 
With Cloned Rabbit p-globin Chromosomal DNA", Nature. 
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281, pp. 40-46 (1979)). The i* s I-globin mRNA in mixture 
I and the p-globin DNA in mixture II serve as internal 
positive controls for the hybridization assay. Both 
mixtures were dried in a stream of nitrogen gas. 40 ul 
of 80% formamide were added to the residue of mixture II 
and the solution was denatured for 10 min at 100«C and 
chilled quickly in ice. The denatured solution was used 
to dissolve the residue of mixture I and the resulting 
solution incubated at 56°C for 4 h. 

Step C - Separation Of Hybridized *°1Y<A) 
— RNA-DNA From Non-Hybridized Poly (A) 

RNA 

After dilution to 1 ml with cold 0.9 M NaCl, 
0.09 M Na-citrate and formamide (100%) to 4% (by volume) 
the solution was filtered at 0.5 ml/min through a Milli- 
pore filter (0.45 urn pore size), the filter having been 
first tested for its capacity to retain RNA-DNA hybrids, 
because not all filters obtained from the manufacturer 
were equally efficient. 

Step D - Purification Of Hybridized Poly (A) 
RNA 

The above filter, with poly(A) RNA hybrids 
attached, was immersed in 1 ml 0.15 M NaCl, 0.015 M 
Na-citrate. 0.5% SDS for 10 min at 37°C, rinsed with 
50 mM Tris-HCl (pH 7.5), 10 mM MgCl 2 . 2 mM CaCl 2 and 
placed in 0.6 ml of fresh buffer. After the addition of 
5 pi iodoacetate-treated DNAase (5mg/ml) (S. B. Zimmermann 
and G. Sandeen, Anal. Biochem. , 14, p. 269 (1966); P. A. 
Price et al. , "Alkylation Of A Histidine Residue At The 
Active Site Of Bovine Pancreatic Deoxyribonuclease" , 
J. Biol. Chem. , 244, pp. 924-32 (1969)), the filter was 

incubated at 37°C for 10 min. 

The filter was removed and the solution extract- 
ed with 1 vol phenol and 1 vol ether and passed through a 
0.1-ml Chelex column. 5 pg of carrier RNA (purified 
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yeast RNA) were added to the solution and the _ precip- 
itated with sodium acetate and ethanol. The P^pxtate 
was collected by centrifugation at 10-000 xg dissolved 
2 100 pi 1 mM EDTA/ heated for 90 sec at lOO'C. and TNE 
and SDS added to 2 x TNE and 0.5% SDS. The RNA was 
adsorbed to a 100-pl oligo(dT) cellulose column, eluted 
with four washes of 0.3 ml distilled water and precip- 
itated with sodium acetate and ethanol. After 16 h at 
! 20 . c the precipitated RNA was separated by centn f ugation 
and dissolved in 2 pi TNK buffer. 



Step E 



- Determination Of I FN-crmRNA Activity 



The poly (A) RNA solution from above was injected 
into 40 oocytes (about 50 nl per oocyte). The oocytes 
were incubated at 23°C for 24-48 hours, homogenized and 
centrifuged (or the incubation medium recovered) and 
assayed as described previously for IFN-a . 



4. 



Subsequent Assay - Hybridization 

To g-«H-gr-Bound DNA 



Most subsequent assays of a recombinant DNA 
ra olecule from a single clone were carried out with DBM or 
DPT paper-bound DNA, because the assay conditions were no 
longer critical and the assay is more convenient. DPT 
pap!r gave lower backgrounds and was used preferentially. 
DBM paper was prepared as described (J. C. Alwine e^, 
"Method For Detection Of Specific RNAs In Agarose Ge y 
Transfer To Diazobenzyl Oxymethyl-Paper And Hybridization 
With DNA Probes-. Vror Natl Acad. Sci. 
pp. 5350-54 (1977)). APT paper was prepared by a proce 
dure of B Seed (pers. commun.): Sheets of Whatman 540 
paper (20 g) were agitated for 16 h at 20 «C with a mixture 
of 70 ml 0.5 M NaOH, 2 mg/ml NaBH 4 and 30 ml 1,4-bUta- 
nediol diglycidyl ether. The paper was then ^ ansfer ^ 
to a solution of 10 ml 2-aminothiophenol in 40 m L acetone 
and agitated for 10 h. The paper was exhaustively washed 
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with acetone. 0.1 N HCl, H 2 0, O.l N HC1, H z O and dried. 
APT paper was diazotized to DPT paper as described for 
the conversion of ABM to DBM paper (Alwine et al.. supra). 

DNA (up to 15 M9) was bound to 50 nun2 
diazotized ABM (DBM) or diazotized APT (DPT) paper as 
described by j.H.J. Hoeijmakers et al . "The Isolation Of 
Plasmids Containing DNA Complementary To Messenger RNA 
For variant Surface Glycoproteins Of Trypanosoma Brucei", 
Gene , in press, 1980) and set forth below. 

Hybrid plasmid DNA was digested with endonucle- 
ase PstI, treated with 500 pg Pronase per ml, 0.5% SDS, 
and 10 mM EDTA for 30 min at 37°C, extracted with phenol 
and ether, passed through a 0.1-ml Chelex column, and 
precipitated with ethanol. The heat-denatured DNA (up to 
5 pg. with a small amount of "P-DNA added as tracer) was 
incubated overnight at 0°C with 1 cm* DBM or DPT paper in 
200 pi 25 mM potassium phosphate buffer (pH 6.5). Filters 
were washed three times for 5 min at room temperature 
with 50 mM potassium phosphate buffer (pH 6.5). 1% glycine 
and three times with 99% recrystallized formamide. A^ 
further incubation with 99% formamide for 2 min at 68°c 
was followed by three washes in 50 mM potassium phosphate 
buffer (pH 6.5) at 20°C and two washes in 0.4 M NaOH at 
37 «C for 10 min. About 40-60% of the radioactivity was 
retained on the filters. The filters were incubated for 
3 h at 38°C in pre-hybridization medium A, supplemented 
with 1% glycine, using 330 pi per filter. Medium A 
contains 50% formamide, 5 x SSC, 0.04% polyvinyl pyrroli- 
done, 0.04% Ficoll (Pharmacia), 0.1% SDS, 25 pg poly(A) 
(P & L) and 100 pg yeast RNA (BDH, extracted six times 
with phenol and precipitated with ethanol). The filters 
were washed twice in medium A and then hybridized for 
16 h at 38°C with poly(A) RNA as indicated (usually 
5-8 pg) in medium A under paraffin oil. The RNA was 
added as follows : one wet DNA filter was blotted and put 
in a sterile Petri dish, 20-40 pi of the RNA solution 
were pipetted on this filter and a second DNA filter 
(either a duplicate or a control) was put on top and the 
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sandwich was covered with a sterile paraf f m oil . After 
the hybridization the filters were successively washed xn 
medium A (2 times), in a solution containing 1 x SSC, 
0 2% SDS, 1 mM EDTA (3 times, 10 min at 20°C each), 
medium A (2 h at 38«C) and in 50% formamide, 5 x SSC, 
0 1% SDS (3 times, 10 min at 20-C). Hybridized RNA was 
eluted by heating for 1 min at 100-C in 200 pi 10 mM 
Tris-HCl ( P H 7.4), 1 mM EDTA and 0.1% SDS. The elution 
step was repeated twice, the eluates were combxned and 
the RNA was precipitated with ethanol after addition of 
2 pg yeast RNA (purified as above). The washed pellet 
was vacuum dried, dissolved in 3 pi H 2 D and injected into 
oocytes. IFN-ct activity was assayed as above. 

5. Results Of The RNA Selection 
H ybridization Assay 

The assays from 8 groups of 512 clones (i^, 
groups T, Y, j, K, • . 0, e and n were negative. 
The assays from 4 groups of 512 clones (i^. groups 1,6, 
N and A) were positive, albeit not consistently. The 
positive assays are reported in the following forma * : 
lU/ml of IFN-« produced by the RNA released from poly(A) 
RNA-DNA hybrid (assay from control hybridization usxng . 
2 - P BR322(H3)/Rcp G-4.13, supra) ; the assays in which 
the experimental results were higher than the background 
control are underscored. 



Group 
I 



IU/ml 

<60 (<60); 110 (<20); <110 (<110); <H0 (<H0); 
<35 (<35) 
6 20 (<20) 

35 (<20); <110 (<110); 200 (<110) 
<60 (<60); 60 (<20); <H0 (<H0); <H0 (<110) 



N 
A 



Group A was subdivided into 8 subgroups of 64 clones 

and hybridized and assayed as before. The subgroups gave 

the following results, presented in the same format as 



above 
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Subgroup 


lu/rni 


X - I 


<35 (<35); <35 (<35) 


X - II 


130 (<30); <4b i<4:>) 


X - III 


225 (<35); 35 (<30); 35 (<30); 600 <<30); 




<20 (<20) 


X - IV 


85 (<35); <25 (<25) 


X - v 


<35 (<35) 


X - VI 


<35 (<35) 


X - VII 


<35 (<35) 


X - VIII 


<35 (<35) 


Subgroup X-III 


was subdivided into 8 sets or a clones. 


and hybridized 


and assayed: 


Set 


IU/ml 


X-III-1 


<20 (<20); <20 (bUj, £D v^- 3 "/ 


X-III-2 


<35 (<35); <30 \ <30 )' xdu ovw 




(<35); 110 (60) 


X-III-3 


<25 (<25); <30 (<30) 


X-III-4 


30 (<30); <20 (<20); <20 (60) 


X-III-5 


30(?~) (<35); <20 (<20); <35 (60) 


X-III-6 


<30 (<30); <20 (<20) 


X-III-7 


<30 (<20) 


X-III-8 


<30 (<20) 



Because the first positive result was achieved with the 
set X-III-4, the individual colonies of this set (des- 
ignated A to H) were hybridized and assayed: 

X-III-4-B <35* (<35); <20 (60) 

X-III-4-C 35 (60); 60* (<35); 111* (<H); H* (<U)« 

20 (<20) 

Therefore, clone X-III-4-C contains a recombinant DNA 
molecule capable of hybridizing IFN-amRNA. 



The DBM paper method was used in this assay 
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The recombinant DNA molecule in this clone is 
designated: Z- P BR322(Pst)/HcIF-4C ( -B±f-4C" ) . and the 
blcterial strain containing it: E^coli X1776 (Z-pBR322 
(P st)/HcIF-4C) (" E. coli Hif-4C" ) . This nomenclature 
indicates that the recombinant DNA molecule orxgxnated xn 
Zurich (Z) and is plasmid P BR322 containing at the Pstl 
site a HIFN-orcDNA ("HcIF"); the particular recombinant 
DNA molecule being derived from clone A-III-4-C (»4C«). 

PRCLONING CHARACTE R IZATION OF Z-pBR322(Pst 



[CIF-4C 



Since primary clones of transformed cells 
occasionally contain more than one species of recombinant 
DNA molecule (Efstratiadis et al., "The Primary Structure 
Of- Rabbit p-globin mRNA As Determined From Cloned 
DNA" , Cell. 10, PP. S71-85 (1977)), Hif-4C was isolated, 
from E. coli X1776 (Hif-4C) clones and purifxed as 
descrl^eTa^ove. Samples of Hif-4C and P BR322 were 
digested with Pstl and analyzed by electrophoresis on a 
1% agarose gel. Hif-4C gave two bands, one wxth the 
mobility of Pst-cleaved pBR322, the other with a mobxlxty 

corresponding to about 320 b. p. ,_.,«...• 

E cpii HB101 was transformed with the xsolated 

Hif-4C as described above. Six clones of tetracycline- 
resistant, transformed bacteria were picked, small cul- 
tures prepared and Form I DNA purified and analyzed by 
Pstl cleavage and agarose gel electrophoresis as before. 
All samples showed cleavage patterns identical to Hxf-4C. 
One of these recloned recombinant DNA molecules was 
designated Z-pBR322(Pst)/HcIF-4c ("Hif-4c") and used for 
further experimentation. The lower case "c« designates a 

recloned DNA molecule. 

To determine the capacity of Hif-4c and xts 
cDNA insert to hybridize to IFN-amRNA, Hif-4c (115 pg) was 
digested to completion with 125 units of Pstl , extracted 
with phenol and chloroform, and precipitated with ethanol 
as described above. An aliquot (10 pg) was 5' terminally 
labeled (to serve as a tracer in subsequent steps) by 
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dissolving- it in 100 pi 50 mM Tris-HCl (pH 7.5), passing 
it through a 0.1-ml Chelex 100 column and treating it 
with 0.6 units bacterial alkaline phosphatase for 1 h at 
65°C. Tenfold concentrated TNE (40 pi) was added and the 
solution extracted 3 times with 1 vol phenol and 3 times 
with 1 vol chloroform. The DNA was precipitated with 
2 vol ethanol at -20°C overnight and collected by centrifu 
gation. For further purification, the sample in 0.5 ml 
TNA was adsorbed to 0.25-ml DEAE cellulose (Whatman DE52, 
prewashed with 2 ml 150 mM NaCl, 50 mM Tris-HCl (pH 7.5), 
2 mM EDTA) ( "NET-buf fer" ) , washed with 2 ml of NET buffer, 
eluted with 0.4 ml 1.5 M NaCl , 20 mM Tris-HCl (pH 7.5) , 
2 mM EDTA and precipitated with ethanol as above. The 
DNA was incubated with y- 32 P-ATP (specific activity 
about 5000 Ci/mmole) and polynucleotide kinase, (A.M. 
Maxam and W. Gilbert, "A New Method For Sequencing DNA" , 
Proc. Natl. Acad. Sci . USA , 74, pp. 560-564 (1977)) and 
purified by chromatography on a 3-ml Sephadex-G50 column 
in TNE. The eluted fractions were pooled and the 32 P-DNA 
precipitated with ethanol as above; yield, about 10 7 dpro. 

The unlabeled Pstl-cleaved Hif-4c DNA (90 pg) 
was mixed with 6 x 10 s dpm of 32 P-labeled PstI cleaved 
Hif-4c DNA from above and electrophoresed through a 
10 x 20 x 0.7 cm, 2% horizontal agarose gel in 50 mM 
Tris-acetate buffer (pH 7,8) using a 2. 5 cm slot. An 
x-ray film was exposed to the gel and the position of the 
320-bp fragment determined. The gel strip containing the 
radioactive band (1.3 x 10 5 dpm) was cut out, crushed by 
pressing through a plastic 2-ml syringe and extracted 
overnight at 4°C by agitation with ten times the gel vol 
of NET buffer. The DNA was adsorbed to a 0.1-ml hydroxy- 
apatite column (prewashed with 1 ml NET buffer). The 
column was washed with 1 ml 0 . 1 M K-phosphate buffer 
(pH 7.5) and the DNA eluted with 0.2 ml 1 M K-phosphate 
buffer (pH 7.5). The eluate was diluted 10-fold with 
sterile distilled H 2 0 and the DNA adsorbed to and eluted 
from DEAE and precipitated with ethanol as described 
above. This DNA is called "Hif-4c fragment". 
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The Hif-4c fragment (120 ng) was bound to DPT m 
paper (0.5 x 0.5 cm) as described above. As a control, 
120 ng p-globin cDNA fragment excised with HindlH from 
the hybrid plasmid Z-pBR322(H3)RcBG-4.13 (F. Meyer 
et al "Transposition Of AT-linked. Cloned DNA From One 
^o^'to Another-, Experimentia , 35, p. 972 (1979); 
N. Mantei et al. , supra) and processed similarly. Hybrid- 
ization of duplicate filters to poly(A) RNA (in 20 ul>, 
washing of the filters and recovery of the RNA from the 
filters were as described above. After injection xnto 
oocytes the following IFN-o activities were detected: 

IFN-a activity 
(IU/ml)** 
(duplicate 

assay) 



hna fragment 
Hif-4C 

p-globin cDKA 
Hif-4c 

p-globin cDNA 
Hif-4c 

p-globin cDNA 



amount of 
leukocyte poly (A) 
RNA* {uq) 

2.5 
2.5 
7.5 
7.5 
7.5 
7.5 



time of 
hybridi- 
zation 

16 h 
16 h 
16 h 
16 h 
5 h 
5 h 



250; 100 

4;1 
3000;1000 

4; 30 
1000; 1000 
10; 1 



Thus, Hif-4c contains an insert 
IFN-amRNA. 



capable of hybridizing to 



TTMrxTryPTPATION OF CLONES OF E. COLI CONTAINING 
^SSSSS SSa °SoS?ULES CROSS-HYBRIDIZING TO 

THE INSERT IN Hlf-4c . 

Since the cDNA insert in recombinant DNA mole- 
cule Hif-4c was only about 320 b.p., or a third of the 
estimated size of IFN-amRNA, the purified Hif-4c fragment 



** 



1 M g of this RNA gave 460O IU/ml. 

oocyte supernatant after 48 h incubation, assayed by 
2Sic%ffect reduction (W.E. Stewart, II and S.E. 



cytopathic effect reduction (W 
Sulkin, supra) 
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described above was used as a probe to screen for bacter- 
ial clones containing recombinant DNA molecules having 
related hybrid DNA inserts (Figure 3). 

The 64 bacterial clones constituting subgroup 
described above were stamped onto a Millipore 
membrane (8 cm diameter), placed on an agar plate (supple- 
mented with diaminopimelic acid, nalidixic acid and 
tetracycline, as above) and incubated for 24 h at 37»C. 
The filter was placed onto a 0.75 ml drop of 0.5 M NaOH 
and after 2-3 min transferred onto a paper towel to 
remove excess liquid; the step was repeated. The filter 
was neutralized, using 1 M Tris-HCl (pH 7.5), and washed 
with 1.5 M NaCl - 0.5 M Tris-HCl (pH 7.4) in a similar 
fashion as above and air dried. The filter was dipped in 
0.3 M NaCl, air dried and heated at 80°C for 2 h in a 
vacuum. 

Hif-4c Pst fragment (30 ng) was «p-labeled by 
nick translation (A.J. Jeffreys and R.A. Flavell, "The 
Rabbit B-Globin Gene Contains A Large Insert In The 
coding Sequence", Cell, 12, pp. 1097-1108 (1977)) using 
P -32p dATP and a -* 2 F dCTP (specific activity, 40 Ci/mmole 
each). The filter bearing the X-III colonies was prehy- 
bridized in 4 x SET (SET is 0.15 M NaCl, 30 mM Tris-HCl 

(pa 8.0), 1 mM EDTA) , 0.1% (w/v) Ficoll, 0.1% polyvinylpyr- 
rolidine, 0.1% (w/v) BSA, 0.5% SDS, and 200 pg/ml denatured, 
fragmented salmon sperm DNA for 7 h at 68-C and hybridized 
with 2 x 10» cp m of "P-labeled Hif-4c fragment in 4 x SET. 
0.02% (w/v) Ficoll. 0.02% polyvinylpyrrolidine, 0.02% w/v 
BSA °0.5% SDS and 200 v g/ml denatured salmon sperm DNA at 
68 "C for 16 h. The filter was rinsed with SET-0.5% SDS 
at room temperature, washed with 2 x SET - 0.5% SDS for 
5 h at 68»C, replacing the solution once, and with 3 mM 
Trizma base at room temperature for 4 h, replacing the 
solution once. After drying the filter, an x-ray film 
was exposed to the filter for 80 h using a screen. Three 
colonies gave a strong positive response, namely X-III-7D, 
X-III-2H and X-III-4C. and 2 colonies a weak one, namely 
X-III-1E, X-III-3D. 
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small cultures were prepared from the Hif-4c 
related clones. Form I DNA was purified, cleaved with 
PstI and analyzed by agarose gel electrophoresis as 
described above. All Form I DNAs gave rise to a large 
fragment (plasmid pBR322 moiety) and a small one (hybrid 
insert). The recombinant DNA molecule from A-III-2H 
released the largest insert, namely about 900 b.p. This 
recombinant DNA molecule was designated Z-pBR322(Pst)/ 
HCIF-2H ("Hif-2H") and its insert »Hif-2H fragment". 

Hif-2H was tested for its capacity to bind 
IFN-amRNA by binding it to DPT paper (4 pg/lOOmm 2 ) and 
hybridizing it to poly(A) RNA (0.3 pg/Hl), all as 
described above, for 16 h and determining IFN-amRNA activity 



DNA sample 
Hif-2H 

Z-pBR322 (H3 )/RcpG-4 . 13 
pBR322 



IFN-g activity (IU/ml)* 
250 + 50 (average of 4 
determinations ) 

30 (average of 2 ideterraina 
tions ) 

20 



Hif-2H was recloned as described for Hif-4C and designated 
Hif-2h. 

In a further experiment an additional set of 
E. coli clones containing recombinant DNA molecules was 
prepared and colonies hybridizing to the labeled Hif-4c 
fragment were identified. In order to ensure a high 
yield of plasmids with long cDNA inserts, part of the 
double-stranded 32 P-labeled leukocyte cDNA prepared 
enzymatically from leukocyte poly (A) RNA (the same cDNA 
preparation as described above) was fractionated by size 
by centrifuging through a sucrose density gradient, using 
the same procedure described for the centrifugation of 
the poly(A) RNA. The fractions containing the cDNA with 
a sedimentation velocity corresponding to a 600 b.p. DNA 



* Assayed by cytopathic effect reduction. 
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fragment or greater were pooled and the cDNA recovered 
after ethanol precipitation. The cDNA was elongated 
with dCMP residues, hybridized to dGMP-elongated Pst 
I-cleaved pBR322 and the hybrid DNA used to transform 
E. coli as before, except that E. coli HB101 was used. 
The bacteria were distributed onto 8-cm diameter Millipore 
filters, placed on Tryptone medium agar plates (containing 
10 pg/ml tetracycline) and grown until small colonies 
appeared. A replica filter was prepared by pressing a 
fresh, moist Millipore filter onto the colony-bearing 
filter, peeling it off, placing it face upward on an agar 
plate containing 4.4% glycerol and incubating it until 
small colonies appeared. This colony-bearing filter was 
covered with a further Millipore filter, frozen at -55°C 
and stored (D. Hanahan and M. Meselson, "A Protocol For 
High Density Plasmid Screening", Sept. 1978, personal 
communication). Eighteen filters, bearing a total of 
about 5000 colonies were prepared. One replica of each 
filter was used for hybridization to the 32 P-labeled, Pst 
I-excised Hif-4c DNA fragment, exactly as described 
above. About 185 positive colonies were identified on an 
autoradiogram, recloned on Millipore filters and identi- 
fied once more by hybridization. 95 clones giving the 
strongest hybridization response were designated 
Z-pBR322(Pst)/HcIF-SNl to SN95 and used for further 

investigation . 

It is, of course, evident, given 'the ability of 
Hif-2h to produce a polypeptide displaying an immunological 
or biological activity of HuIFN ( infra ), that Hif-2h and 
other DMA sequences related to it, e.g. Hif-4c, may be 
employed in this method of clone screening equally well 
on other clones containing DNA sequences arising from 
recombinant DNA technology, synthesis, natural sources or 
a combination thereof or clones containing DNA sequences 
related to any of the above DNA sequences by mutation, 
including single or multiple, base substitutions, insertions, 
inversions, or deletions to select other DNA sequences 
and clones which also code for HuIFN. Therefore, such 
DNA sequences and their identification also fall within 
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-* 



this invention (e.g., infra). It is also to be understood 
that DNA sequences, which are not screened by the above 
DNA sequences, yet which as a result of their arrangement 
of nucleotides code on expression for the polypeptides 
coded for by the expression of the above DNA sequences 
also fall within this invention. 




As described above recombinant DNA molecule 
Hif-2h contains an insert of about 900 b.p., and hybrid- 
izes to human leukocyte interferon mRNA. The following 
additional characteristics were determined. 



1. 




If mRNA is hybridized to a cloned, complementary 
cDNA, the translation of the mRNA is inhibited, however 
heat denaturation of the hybrid releases translatable 
mRNA (B.M. Peterson et al. , "Structural Gene Identifica- 
tion And Mapping By DNA-mRNA Hybrid-Arrested Cell-Free 
Translation", Proc, Natl, Acad. Sci. USA, 74, pp. 4370-74 
(1977)). 2.2 M g Pst I-cleaved Hif-2h, and as a control 
2 ug Hindlll-cleaved Z -pBR322(H3)/RcBG-4.13 ("Rc P G" ) were 
denatured in 10 ul 80% (vol/vol) deionized formamide - 20 
m PIPES buffer ( P H 6.4) for 10 min at 80-C. The solution 
was added to an Eppendorf tube into which leukocyte 
poly(A) RNA (5 ug), NaCl (4 u moles) and EDTA (10 nmoles) 
had been dried down. The mixture was heated for 7 h at 
48»C under a layer of paraffin oil, cooled and diluted • 
with 200 M l H 2 C The two samples were divided into equal 
parts, and one of each was heated at 100«»C for 30 sec. 
The nucleic acids were precipitated with ethanol, dissolve 
in 3 ul H z O and assayed for IFN-amRNA activity in oocytes 
as above: 
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Le poly(A) 

DNA RNA input 

Hif-2h (1.1 pg) 2.5 pg 
Hif-2h (1.1 pg) 



2.5 pg 



RcpG (1 pg) 
RcpG (1 pg) 

Hif-2h (0.5 pg) 



2.5 
2.5 

1 
1 
1 



pg 
pg 

pg 
pg 
pg 



Treatment 
hybridized 
hybridized and 
denatured 
hybridized 
hybridized and 
denatured 
none 
none 
none 



I FN -a (IU/ml)* 
400 

2000 
3000 

3000 
2000 
3000 
2000 



Therefore, Hif-2h, when hybridized with poly(A) RNA, 
inhibited the translation of the IFN-amRNA in the poly(A) 
RNA; after denaturing the hybrid, the IFN-crmRNA was again 
translatable. This experiment confirms that Hif-2h 
contains sequences complementary to IFN-araRNA. 

2. Analysis By Restriction Enzyme Cleavage 
And Determination Of Nucleotide/Amino 
Acid Sequences And Restri ction Map 

Digestions of Hif-2h with various restriction 
enzymes (New England Biolab) were carried out, and the 
resulting products analyzed by agarose gel electrophore- 
sis. The underlined fragments are not common to pBR322 
and Hif-2h: 



Restriction enzyme 



PstI 
EcoRI 



Fragment sizes 
Hif-2h** PBR322*** 
885 + 20,4361 4361 



Bqlll 



1426 ,3820 
5246 



4361 
not cleaved 



* The oocyte medium was assayed after 48 h by the 
cytopathic effect inhibition method. 

** Although internally consistent herein the absolute 
size of these fragments is best indicated by reference 
Figs 8-10. 



*** From Sutcliffe ( supra ) . 
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MboII 



ECORI + BglII 336,4960 tziKfiii 
tfoRI + fitl 209,676,748 748.3611 
3611 

BsDl 921,587,540,504, 587,540, 

504,457, 

457,434,2 X 231, 434,267, 

234 

+14 fragments +14 fragments 

200 bp 200 bp 

1616 , 884 not done 

and others 

In addition, 5' terminally «P-labeled Pstl cleaved Hif-2h 
was cleaved with several restriction enzymes and the sizes 
of the radioactive fragments derived from the cDNA insert 
in that recombinant DNA molecule were determined: 
p„ R +_riction enzyme ^-fragments* 
EcoRI 676,209 
Hindi I I no cleavage 

799, 86 



goal I no cleavage 

Hhal no cleavage 

BamHI no cleavage 

Hinf 210 • 62 

Bglll 545 ' 340 

From these data a restriction map of Hif-2h was deduced 
(Figure 4). The map is not definitive in regard to the 
absolute location of the sites,- and maybe incomplete in 
regard to MboII sites within the insert. Only the sites 
closest to the insert are given within the pBR322 moiety. 
The arrow indicates the orientation of the IFN-acDNA coding 
strand . 

Although the actual structure of the Hif-2h 
fragment or other inserts in clones of this invention or 
the amino acid sequence or structure of the polypeptides 
coded therefrom is not required for one of skill in the 
art to make and use the invention described and claimed 
herein, the above data and restriction map were included 



* Although internally consistent herein the absolute 
size of these fragments is best indicated by reference to 
Figures 8-10. 
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in the original application hereto as the best available 
information on the structure of fragment at the time of 
filing the original application. Since that time, as 
expected ( supra , p. 9, lines 27-29), these data and 
restriction map for the Hif-2h fragment have been refined 
using well-known techniques of nucleotide sequencing and 
restriction analysis. E.g. , A. M. Maxam and W. Gilbert, 
"A New Method For Sequencing DNA", Proc. Na tl. Acad. Sci. 
USA , 74, pp. 560-64 (1977). Plasmid DNA was prepared by 
Method B (N. M. Wilkie, et al. , "Hybrid Plasmids Contain- 
ing An Active Thymidine Kinase Gene Of Herpes Simplex 
Virus 1", Nucleic Acids Research , 7, pp. 859-77 (1979)) 
and restricted by various restriction enzymes essentially 
as recommended by the supplier, except that 200 pg/ml gel- 
atin replaced the bovine serum albumin in the enzyme 
buffers. ( EcoRI was a gift from W. Boll, Bs£l a gift from 
A. Kiss and other enzymes were obtained from New England 
Biolabs . ) 

Restricted DNA (20 M9) was extracted with 
phenol, precipitated with ethanol, dissolved in 0.05 M 
Tris-HCl (pH 8), and passed over a small column of 
Chelex-100.' Fragments with flush or 5 • -overhanging ends 
were dephosphorylated by treatment with 0.2 units calf 
intestinal alkaline phosphatase (Boehringer) per pmol 
DNA 5» ends in 200 pi 0.05 M Tris-HCl (pH 8) for 60 min 
at 37°C. The enzyme was inactivated by heating 60 min at 
65°C. For DNA fragments with 3 f overhanging ends, bacterial 
alkaline phosphatase (Worthington) was used as described 
(A. M. Maxam and W. Gilbert, supra ) except that incubation 
was at 65°C for 30 min. The dephosphorylated DNA was 
purified by adsorption to and elution from DEAE-cellulose 
(W. Muller et al. , "Site-Directed Mutagenesis In DNA: 
Generation Of Pc^nt Mutations In Cloned B-Globin Comple- 
mentary DNA At The Positions Corresponding To Amino 
Acids 121-123", J. Mol. Biol ., 124, pp. 343-58 (1978)) or 
subjected to polyacrylamide gel electrophoresis where 
required (see below). Fragments recovered from a 
polyacrylamide (or agarose) gel in 0.15 M NaCl, 0.05 M 
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Tris-HCl (pH 8) were adsorbed to a 0.1-ml hydroxyapatite 
(Biorad HTP) column, washed 4 times with 1 ml 0.1 M 
potassium phosphate buffer ( P H 7) and eluted with 0.3 ml 
1 M potassium phosphate buffer (pH 7). The solution was 
diluted tenfold and the DNA adsorbed to DEAE cellulose 
and recovered as described (W. Muller et al. , supra). 

After ethanol precipitation, the DNA was 

5 ' -terminally labeled with [ Y - 32 P] < 12 " 34 ^ Ci * er 

pmol DNA 5* ends) and polynucleotide kinase (New England 
Biolabs or P-L Biochemicals Inc.) essentially as describee 
by A. M. Maxam and V. Gilbert, supra, except that the DNA 
was not denatured before the kinase reaction. Specific 
activities of 1-1.5 uCi [ 32 P] phosphate per pmol DNA 

5 'ends were obtained. 

For sequencing, labeled fragments were cleaved 
with a second restriction enzyme and the products separa- 
ted by electrophoresis through a 5% polyacrylamide gel in 
tris-borate-EDTA buffer. The desired fragments were 
extracted from the gel and purified (Muller et al . , 
SUP ra ) . The various fragments for sequencing were pre- 
pared as follows (the number indicates the nominal frag- 
ment chain length in base pairs, the labeled site is 

by an asterisk): 

(1) cleavage of Hif-2h with Bsol, isolation of 
BspI-BspI-232 and Bsp_I-BspI-949 by 5% polyacrylamide gel 
electrophoresis in Loening's buffer (U. E. Loening "The 
Fraction Of High Molecular Weight Ribonucleic Acid By 
Polyacrylamide Gel Electrophoreses", J. Biochem. p. 102 
(1967)); 

(2) cleavage of Hif-2h with Bspl. labeling, 
cleavage with Pstl. isolation of BspI*-PstI-83 and 

BspI*-PstI-827; 

(3) cleavage of Hif-2h with Bglll, labeling, 

cleavage with Pstl, isolation of BglII*-PstI-336 and 
BglII*-PstI-570; 

(4) cleavage of Hif-2h with MboII, labeling, 
digestion with Pstl and Hind" <*° cleave an interfering 
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350 bp pBR322 fragment), isolation of MboII*-PstI-519 and 

Mbo l I *-PstI -351 ; 

(5) cleavage of Hif-2h with Eco RI , labeling, 
cleavage with PstI , isolation of EcoRI*-PstI-708 and 

EcoRI *-PstI -198 ; 

(6) cleavage of Hif-2h with Pst I, labeling, 
cleavage with Bglll, isolation of Pst l*- Bgl l 1-570 and 
PstI*-BqlII-336; 

(7) cleavage of Hif-2h with Ava il, labeling, 
cleavage with Pst I and Bgl ll, isolation of Aval I*-Pstl-186 
and Aval I *-Bgl I 1-147; 

(8) cleavage of Hif-2h with PvuII, labeling, 
cleavage with Pst I and Bgl ll , isolation of PvuII*-PstI-486. 

The fragments were degraded according to the 
method of A. M. Maxam and W. Gilbert, supra , with the 
modifications described in protocols provided by the same 
authors in September 1978 . The products were fractionated 
on 0.1 x 25 x 36 cm 12% polyacrylamide gels (acrylamide/ 
bisacrylamide = 18/1) in 50 roM tris-borate, 1 mM EDTA 
(pH 8.3), with runs of 2, 8, 18 and 26 h at 900 V following 
a 6 h prerun at 700 V. Best results were obtained when 
the gels were kept at room temperature 2-3 days before 
use . 

Each stretch of the cDNA insert was sequenced 
from both strands and each restriction site which served 
as labeled terminus was sequenced using a fragment spanning 
it. The nucleotide sequence thus obtained is depicted in 
Figures 8-10. As is to be expected the positions of the 
various restriction sites in this insert are more absolutely 
located than those determined by restriction enzyme 
cleavage alone and depicted in Fig. 4. 

Referring now to Figs. 8-10, the heteropolymeric 
part of the insert is flanked by 23G residues at the 
5' end and by 7A residues (probably reflecting the poly (A) 
terminus of the mRNA) followed by 15C residues at the 
3 1 terminus. For reference, the insert is numbered from 
the first nucleotide following the dG tail to the last 
nucleotide before the polyA residues. An ATG initiation 
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triplet in position 57-59 and a TAA termination triplet 
at position 624-626 define a reading frame uninterrupted 
by nonsense codons . Both other reading frames in this 
region of the insert contain 18 and 12 nonsense codons 
respectively. Moreover, the only other sequences, i^. 
in different reading frames, flanked by an ATG or GTG and 
a termination signal, which code for a polypeptide of 
25 amino acids or more, are located between nucleotides 226 
and 304, 640 and 778 and 683 and 743. respectively. 
Therefore, the region between nucleotides 57 and 626 most 
likely includes the nucleotide sequence of the Hif-2h 
fragment that codes for a polypeptide displaying a biolog- 
ical or immunological activity of IFN-« in accordance 

with this invention. 

It should of course be understood that cloned 
cDNA from polyA RNA by the usual procedures (A. Efstratiadis 
^ al supra ) lacks 5- terminal nucleotides and may even 
c^aln artif actual sequences (R. I. Richards e^aL,, 
"Molecular Cloning And Sequence Analysis Of Adult Chicken 
B-Globin cDNA", w„„leic Acids Research, 7, pp. 1137-46 
(1979)). Therefore, it is not certain that the ATG 
located at nucleotides 57-59 is in fact the first ATG of 
authentic mRNA. However, for the purposes of the follow- 
ing description, it is assumed that the ATG at nucleo- 
tides 57-59 is the first ATG of authentic mRNA. 

By comparing the polypeptide coded by this 
region of the insert with that sequence of 35 amino 
terminal amino acids of authentic human lymphoblastoid 
interferon — SerAspLeuProGlnThrHisSerLeuGlyAsnArgArgAla- 
LeuIleLeuLeuAlaGlnMetGlyArglleSerLeuPheSerCysLeuLys- 
AspArgHisAsp- determined by K. C. Zoon et^, supra and 
M. Hunkapiller and L. Hood, supra, it appears that the 
chosen reading frame is correct and that nucleotides 57-124 
roa y code for a signal sequence which precedes the nucleotide 
sequence coding for the "mature" polypeptide because 
alignment of the published sequence with the determined 
sequence (from the 24th amino acid onward) displays 
extensive coincidence (i^, 26 of 35 amino acids). 
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In eukaryotic mRNAs the first AUG triplet from 
the 5' terminus is usually the initiation site for protein 
synthesis (M. Kozak. "How Do Eukaryotic Ribosomes Select 
Initiation Regions In Messenger RNA" , Cell. 15, pp. 
1109-25 (1978)). The codon in the Hif-2h fragment corres- 
ponding to the first amino acid of lymphoblastoid inter- 
feron is 22 codons from the first AUG (and 14 codons from 
the second one) indicating that the sequence coding for 
interferon may be preceded by a sequence determining a 
signal peptide of 23 (or less likely 15) amino acids. 
The longer of the presumptive signal sequences contains 
an uninterrupted series of 11 hydrophobic amino acids 
(and the shorter one. one of 6 hydrophobic amino acids). 
This accumulation of hydrophobic residues is characteristic 
of signal sequences (cf,.. B. D. Davis and P. C. Tai, "The 
Mechanism Of Protein Secretion Across Membranes". Nature, 

283. pp. 433-38 (1980)) 

The nucleotide sequence apparently corresponding 

to "mature" IFN-o polypeptide comprises 498 nucleotides, 
which code for 166 amino acids. Assuming that there is 
no carboxyterminal processing, the molecular weight of 
the interferon polypeptide is 19-388. The base composi- 
tion of the coding sequence is 50% GC. The codon usage 
within the interferon coding sequence is in reasonable 
agreement with that compiled for mammalian mRNAs in 
general (R. Grantham, et al. , "Codon Catalog Usage And 
The Genome Hypothesis", Nucleic Acids Research, 8, 
pp. 49-62 (1980)). Any deviations observed may be ascribed 
to the small numbers involved. 

The structure of the polypeptide depicted in 
Figure 8-10 for the Hif-2h fragment, of course, does not 
take into account any modifications to the polypeptide 
caused by its interaction with in vivo enzymes, e^, 
glycosolation. Therefore, it must be understood that 
this structure may not be identical with IFN-o, produced 
in vivo , but it still has very similar, if not identical, 
biological and immunological properties. Neither, does 
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this structure exclude the likelihood that other modifi- 
cations such as mutations, including single or multiple, 
base substitutions, deletions, insertions, or inversions 
or chemical derivatizations of this structure will not 
produce compounds that also display IFN-or activity. 

3 Determination Of The Plus Strand 
of The Inserted IFN-acDNA 

The DMA strand that has the same sequence as 
the mRNA is designated as plus strand, and its complement 
as minus strand. The plus strand of the IFN-acDNA insert 
was identified as outlined in Figure 5. Hif-2h DNA was 
cleaved with the restriction enzyme Bglll, the termini 
labeled with 3*P-phosphate (as described above for Pstl- 
cleaved termini) and the DNA digested with Pstl, to give 
longer (545 b.p. (570 b.p. as determined in the more 
refined analysis reported above)) and shorter 340 bp 
(336 bp as determined in the more refined analysis 
reported above)) radioactive fragments. These fragments 
were denatured and hybridized to poly(A) RNA from induced 
leukocytes in 80% formamide, 0.4 M NaCl, i^, under 
conditions where DNA-DNA reassociation does not occur 
( supra ). The nucleic acids were digested with nuclease 
SI, which degrades all single-stranded nucleic acids, in 
particular the non-hybridized "P-DNA, and the products 
were separated on a polyacrylamide gel (R. F. Weaver and 
C. weissmann, "Mapping Of RNA By A Modification Of The 
Berk-Sharp Procedure", nucleic Acid Research, 7, pp. 1175-93 
(1979)) An autoradiogram showed that only the shorter 
-nucleotide fragment had been hybridized and protected by 
the poly(A) RNA, identifying the 5 '-labeled shorter- 
nucleotide strand as the minus strand. The orientation 
of the plus strand is therefore as given in Figure 4 and 
Figure 5 (right hand side). 
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4 Demonstration That Poly(A) RNA From 
Non- Induced Human Leukocytes Does 
Not Hybridize To Hif-2h DNA 

An experiment identical to that described in 
the preceding section was carried out, however the poly(A) 
RNA was from non-induced human leukocytes, prepared by 
the same procedure as in the case of Sendai virus-induced 
leukocytes. No detectable amount of labeled DNA was 
protected. By comparison to the results of the preceding 
section the poly (A) RNA from non-induced cells contains 
less than about 1/20 the amount of mRNA hybridizable to 
Hif-2h than does -poly(A) RNA from induced cells. 




The Pstl site of pBR322 lies within the p-lacta- 
mase (penicillinase) gene. Therefore, when a coding DNA 
segment (e^, a cDNA comprising all or part of a gene) 
is ligated into the position in the proper orientation 
and proper reading frame, a fused protein may result. 
The protein would consist of the amino-terminal portion 
of p-lactamase followed by the amino acid sequence for 
which the inserted DNA sequence codes (L. Villa-Komaroff 
et a i, , supra ). If the inserted DNA segment comprises a 
DNA sequence containing its own initiation signal, and 
has a sequence preceding it with a termination signal in 
phase with the p-lactamase sequence, termination and 
re-initiation may occur at the second initiation signal 
and a non-fused, active protein may result (A.C.Y. Chang 
et al. , supra ) . To ensure that the DNA insert related to 
Hif-4c was inserted in the proper reading frame for 
expression within the p-lactamase gene, a set of deriva- 
tives of pBR322. namely pKT279, P KT280 and pKT287 (con- 
structed by K. Talmadge, personal communication, 1979) 
was employed. Each of these derivatives has a Pstl site 
located such that a DNA insert ligated into that site 
will be in a different reading frame from an insert at 
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the PstI site of the other derivatives of the set 
(Figure" 6). Therefore, the set permits the insertion of 
DNA into the B-lactamase gene in all three reading frames. 
The pstl-excised insert from Hif-2h was prepared as 
described for the fragment Hif-4c. The Hif-2h Pst frag- 
ment (10 ng) was mixed with Pstl-cleaved pBR322 , P KT279 , 
PKT280 or P KT287 (10 ng in each case) in 20 pi of 10 mM 
Tris-HCl ( P H 7.5), 6 mM MgCl 2 , 100 mM Nad, 6 »M p-mercap- 
methanol, 200 Mg/ml gelatin and 0.1 mM ATP and incubated 
with 0.1 units T 4 DNA ligase (New England Biolabs) for 
16 h at 10-C. The resulting recombinant DNA molecules 
are designated Z -pBR322(Pst)/HcIF-2h. Z -pKT279(Pst)/HcIF : 2h, 
Z-pKT280(Pst)/HcIF-2h and Z-pKT287(Pst)/BcIF-2h. E. coll 
HBlOl was transformed with each of these recombinant DNA 
molecules and transformed colonies were selected on 
tetracycline-containing agar plates as described previously 
Since tetracycline-resistant clones of transformed bacteria 
may also contain the recyclized vector, bacterial colonies 
of each set were grown on Millipore filters and colonies 
hybridizing to 32 P _ labe led Hif-4c fragment were identified 
and selected as described above. These strains were 
designated as follows, 



E. 


coli 


HBlOl 


E. 


coli 


HB101 


E. 


coli 


HBlOl 


E. 


coli 


HBlOl 



Extracts oi & wire — 

as of some of the strains Z-pBR322(Pst)/HcIF-SNl to. 95 
were tested for IFN-a activity. Bacteria were grown in 
Tryptone medium to stationary phase, harvested, washed 
with 1/20 vol (based on the vol of the culture) 50 mM 
Tris-HCl ( P H 8), 30 mM Nad and frozen. After thawing, 



the cells were resuspended in the volume 
of the previous buffer and lysozyme was added to 1 mg/ml . 
After 60 min at 0"C the suspensions were frozen (in an 
ethanol-dry ice bath) and thawed (at 37»C) 5 times, and 
centrifuged 10 min at 12-000 rpm in a GSA sorvall rotor, 
in some cases part of the supernatant (S30) was further 
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centrifuged at lOO^OOxg in a Type 65 Spinco rotor and 
the supernatants (S100) recovered. Such supernatants 
were screened for IFN-a activity by the cytopathic effect 
reduction assay (Expt.l). The colonies showing a positive 
response in Expt. 1 were reassayed as well as 49 clones 
from the set 2-pBR322/HcIF-SN-l to SN-95 described above 
at a lower dilution (Expt. 2). 



Source of extract: 

F, coii HB 101 transformed by: 



Expt. 1* 



Preparation 



S30 
S30 
S30 
S30 
S30 
S30 



Z-pBR3 2 2 ( Ps t )/Hc I F-2h 
Z-pBR322(Pst)/HcIF-2h-AH-l to 3 
Z-pKT279(Pst)/HcIF-2h-AH-l to 7 
Z-pKT2 7 9 ( Ps t ) /He I F-2h-AH-8 
Z-pKT280 (Pst )/HcIF-2h-AH-2 ,6,7 
Z-pKT280 (Pst )/HcIF-2h-AH-l ,3,4,5 
Z-pKT287 ( Pst )/HcI F-2h-AH-l ,2,3,4,5,8 S30 
Z-pKT287 ( Pst )/HcIF-2h-AH-6 , 7 S30 
Source of extract: 
E. coli HB101 transformed by: 
Expt. 2** Preparation 
Z-pKT279/HcIF-2h-AH-8 S30 and S100 

Z-pKT280/HcIF-2h-AH-l, 3,4,5 S30 and S100 

Z-pKT287/HcIF-2h-AH-6 and 7 S30 and S100 

Z^pBR322 (Pst )/HcIF-SN-4 ,5,7,9, 

10,11,13, 
to 16 S30 

Z-pBR322<Pst)/HcIF-SN-18 to 22, 

24,25,27, 
30 to 34 S30 

Z-pBR322(Pst)/HcIF-SN-38 to 41, 

43 to 48 S30 



IFN-a activxty 
( IU/ml ) 

? 

positive 
• 

positive 

*> 

m 

positive 

IFN-a activity 
( IU/ml ) 
300 
300 
300 



neg (<10) 



neg (<10) 



neg (<10) 



* 

** 



Extracts assayed at 1:150 final dilution 
Extracts assayed at 1:6 final dilution 
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Z .pBR322 (Pst )/HdF-SN-l to 3^6 

23,26 



S30 



Z-pBR322<Pst)/HcIF-SN-28.29,36. ^ 

S30 



10 

10 
200 



Z-PBR322 (Pst )/HcIF-SN-35 , 42 

So „e of th. -ore active producers fro. above ««« ^f»' d 

4« more detail- Cultures were grown to late log phase 
in more detail. d as 

(apparent OD 65 o about 0.9) ana . activities 

in 1/50 of the culture volume. The following ac 
in l/*u ox « M32 2CPst)/HcIF-SN32 as a negative 

were found, using Z-pBR322(*st:i/«gx* 

control : 




Preparation 

S30, S100 

S30, S100 

S30, S100 

S30, S100 

S30, S100 

S30, S100 



TFN-q activity 
( lU/ml I 
^«p. assays) 

100; 300 
1000; 1000 

200; 200 
1000; 1000 
300; 100 
0; 0 



Z-pKT2 7 9 ( P s t ) /He I F-2h-AH8 
Z-pKT280(Pst)/HcIF-2h-AH3 
Z-pKT287(Pst)/HcIF-2h-AH6 
Z-pBR322(Pst)/HcIF-SN35 
Z-PBR322 ( PS t ) /He I F-SN42 
Z-pBR322(Pst)/HdF-SN32 

,t i. to be understood that the actual protein produced 
£ these strains has not been an^yxed structure 1* to 
deterlne whether or not it is produced fused to amno 
acids unrelated to IF* or with all or pert of I» • 
signal sequence. However, whatever protem rs Produced, 
i^displays an immunological or biological actxvrty of 
™ Therefore, the protein es expressed is useful. 
Z* i^rtantly. the activity of the protein demonstrates 



. Three thousand liters or larger^cultures of IFK- 
cen be grown without loss of IFH ectivity. 

,t is to be -re^sj^^SSaJSFSS- , 

^Jhe^onrrol^rpenfcriJinase expression control 
sequence. 
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^ the » seance which codes for it is 

. TT - vvprefore is within tne skj-aj. 

related to HuIFN-a - It thererore _ nnfitrated 

♦tu. art to employ that DNA sequence as is demonstrated 
the art to employ nulFN-a related DNA sequences 

herein to -select other like HulFN t 

, . . 0 v. asis for other constructions tnat 
and to provide the basis tor o varia nts thereof 

will express mature interferon or other ^ ariant ^ 
win e p vie i d of the particular protein 

or will improve the yield 01 v 

expressed. nrotein is governed 

The level of production of a protein * y 

v-^<-„r- s . the number of copies of its gene 
by two -ma 3 or * ^ which those gene 

within the cell and the efficiency 

»r- e transcribed and translated. Efficiency of 
^scrtption anl ^anslation (which together comprise 
rxTress on is in turn dependent upon nucleotide sequences, 
Si, situated ahead of the desired ^in^ence^ 
These nucleotide sequences or expression control sequence 
These nu ^«°~ ^ e location at wbi ch RNA polymerase 

inscription <the promoter sequence) 

.mi interact with the mRNA 
j W hich ribosoroes bind ana intex.au 
and at wnicn no initiate translation, 

(the product of transcription) to initiate 

v ^ , „ trft1 seauences function witn 

Not all such expression control sequenc eo „ a ^ at _ 

eqU al efficiency, is thus * ~£ « ££T 

=i:eTe^ces and fuse them 
otier known expression control sequences so as 
to favor higher levels of expression. This havrng been 

w • - newlv engineered DNA fragment may be msertea 

echieved. the newly engi bacteri „ h!ige derivative in 

into a multicopy plasmid or a bactenop 9 
order to increase the number of ,ene copxe. vxthxn the 
cell and thereby further to improve the yxeld of expressed 

Pr0 " in ' several expression control sequences may be 

(including sequences such as T^ie * 
If the lactose operon of E^coli ^ 
corresponding seance, of the tryptophan *£™ ator 
system of E. coli ("the trn system"), the major op 
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^ promoter r.,ions o JJft^LSlr* otter ' 

control region of the phage g ^„ o£ pr0 . 

c^Xs I tL viruses. There- 

k f :r : P rr y t,: production <* a *^xr™~ 

; hoct -the aene coding for tnat 

^ WZZ Spared afLfore and removed fro. a 
polypeptide may be prep it ^ ^inserted • 

a'ecc^ant DNA molecule closer to its former 
xnto a reco ^ sequence or under the control of one 
expression control se< ^ en sea uences . Such methods 

of the above expression control sequence 

are known in the art. cellular yield of the 

Further increases in the ceiiuiai j 

genes that can be utilize tTmmztim o£ recombinant 
for illustration "^escribed previously 

"sttrof the placid with a restrictio^enzyne to 
give a linear molecule which is then mixed «th a re 

f "ufv The Reeever°f In^ISo Recombinants". Holec, 

pp!%3-el ** \TZ^' 

fj^aTcloning of The « ^se «ne « m^ terl 

TA ii j. Mo l . Biol . , 132, pp. ... 

phage , sU_™ , fl bv i nC ubation with 

tte recombin-t ^^SST p£ 9 e is then se- 
rcted'a: hefoT. and used to lysogenise a host strain of 

E ^ 2ii ' Particularly useful i cloning vehicles contain 
. temperature-sensitive mutation in the ^ess^ene 

.X „* soppressibl. * f ~* and gene 

which is necessary for lysis oi w in of ^ 

E, the product which is the ma 3 or capsid protein 
virus. With this system the lysogemc cells are g 
32^ and then heated to 45»C to induce excision of the 
prophage. Prolonged growth at 37'C leads to- high levels 
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encapsldated It regains avail.** * ^ ^ 

tion. Artificial lysis »£ the cells m 

halted preset ^ ^ ^ ^ , f 

polypeptide, displays a "oloaic.1 « *— ^ 
activity of human leukocyte interferon, proauce 

* Hif-2h Hif-SN35 was lacking a Fsti 
that as compared to Hif zn, nix 

si te nankin, e. o, the 7) 

B Tthe 8 :ran C :it in ^e signal sequence had heen replaced 
£ . Therefore, Hif-SK3S is likely a polymorphic 

or allelic v^ien-f ^ _ ^ ^ 

tbe resulting DNA strand chewed hack at both e« 
standard procedures and the tAC-Alu ^T^^f^ 
inserted therein and the plasmid reclosed The actual 

" cture o£ ^ modified plasmid, identified as 
structure of tne m acid sequence 

Z-pBR322(Pst)/HdF-SN35-AHL6, and tne 

at the amino terminal end of the protein produced in 

f ^li^ave been determined. The nucleotide sequence of 

E^cpli have been a fragment was 

this COM ^ Cto ^:" l ; w ^ rOB the first amino acid of 

attached one amino acid *^ f * of ^ ^ terminal 

IFN-al(SN35). The amino acid segue revealed t^t 

portion of the protein expressed in E^coli. 

I fuS ed protein was produce hav^ , six amino acids^ 

to the IFN-al(SN35) sequence. However, n 

with the modified plasmid produce about 100 times mor 

- KiMnflical or immunological 
polypeptide displaying a biological or 

activity of human leukocyte interf ^^^^.^ 
hosts transformed with unmodified Z -pBl*22(Pst,/H 

Referring now to Figure 25, another attempt to 
Reterring *t«niaving an immunologi- 

improve the yield of polypeptide, displaying 
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w activity of human leukocyte interferon, 

"^ucedChos- "ansfoLed with Z -pBR322(*st)/HcI F -S N 35 - 

cleaved using standard procedures wxth fiffi I ^ jxft of 
nr ^-5, After heat inactivatxon (65 C, 30 mxn> or «i 
Dr. Kxss). . adjusted to 50 mM 

restriction enzyme, the mixture was aa 3 us 

Tris-HCl ( P H 8) and heated (37-C, 30 nan). Foll °^ 
Trxs nua \va , . th laraest, olcDKA 

extraction with phenol and ether, the larges , 
fragment was isolated on low temperature gelling ^arose 
( 0?%) and HindlU linkers attached. ^^^SJSST 
was then jolnea to Hindi 1 1 -cleaved plasmxd HS-pBR322(Eco)/ 
Tac^-150 (..UVC-ISOM* ( a gift of H Schaller, by 
melting the fragment-containing gel pxeces (about 20 ul . 

7at 65-C cooling to 37»C and adding 20 U per M l 
T4 DNA ligase. After 16 h at x5'C. ligation occurred xn 
^e solidified gel (H. Lehrach, personal -^catxcn 
19 B0). One tenth vol 100 mM Tris-Hcl (pH 7.5). 100 mM 
CaCl 100 mM MgCl 2 were added to the sample and xt was 
I lla 1 at 65-C and cooled to 37-C. The samples 
were then uld to transform Ca** treated 

Incubated at 0*C for 20 min. heated at 42»C fori mxn and 
for 10 min at 20«C. After addition of 1 mol tryptone 
n edium. the samples were incubated 60 mxn at 37 C and 
pl ated on to agar plates containxng -P-xllxn Plasnod 
DN A was separated from these cultures as before, and tn 
hvbrid plasmid containing the IFN-«1 xnsert wxth xts 5 
- ena adjoining the LAC fragment identified by restrxctxon 
' analysis The plasmid was then cleaved with EcoRI usxng 
analysxs. ine v di aeste d with exonuclease 

conventional procedures and dxgestea wxiai 
BAL-31 (0.06 U/ml, 2-4 min at 30«C) to remove the over 
hanging LrI tail of the LAC fragment and to shorten the 
B-galactosidase coding segment. 

, rnn t a ins the lac promoter HaeIII-202 bp 

* This plasmxd contaxns «*_JJ^J operator Sequences 
fragment (W. Gxlbert gt^. Lactose^ , p ^ 
And The Action Of Lac a 6 ^ 68 ??*!: ~1& S . (BerxxnT Walter 
interactions H. Sund and^ B^J^ et al., "Maximizing 
de cruyter). PP- 193 20b an Recombination In Vxtro . 

cell. S! e P " 65??1 (19?In flankld by an EcoRI Ixnker at 
its 3 f end. 
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To ensure that the treated plasmid contained ^ 
the complete IF»-«1 coding sequence, the plasmid was then 
cleaved with Belli, using conventional procedures, worked 

wore S the largest fragment separated on agarose 
up as before ana "tne i^y . th a 

gel (0.8%). This fragment was then combined with a 

^xiLlI ^agment from ^-^^f 81 ^"^^ 
Telling hybrid plasmid used to transform E^o±i HB101 
as before. The transformed colonies « — f 

I FN activity and one clone having a high level of IFN 

, , ^ This clone was designated E. coll 

activity was selected. This clone w * 

HB101 <C8-IFN-al) and its hybrid plasmid C *'™- a1 ' 

DNA sequence analysis of C8-IFN-al pealed 
^t the coding sequence following , the 

determined the first seven amin acx* ^ ^ 

a pro residue generated by the fusion. ,.„,.> 

23 of the IIK-1 signal sequence and the IFM-.1 (SN35 J 

sequence. E^coli minicell strains "»" 10 >"^^ 

»ith hybrid plasmid C8-IFN-1 produce about 50 

units IFH per liter or about 3500 times 

displaying an immunological or biological activity of 

HU ™ as compared to minicells transformed »ith unmodified 

Z -p BR 3«<Pst„Hif-S N 35. 

polypeptide produced by plasmid C8-IFN-crl coniirm 
product is a fused protein having seven amino acids 

from P -galactosidase, one amino acid generated from the 
from p gaxa ^ signal sequence 

fusion and amino acids it> *j oi 



fU sed to «^ ^ var . ous COMtructions „ 

improve ^protein yields in accordance »i«, vention 
are discussed in connection vith other forms of in.-. 



( infra ) . 
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_ tmtphferoN ACT I V ITYJPRODUCED_BY 



1. 



o SMvitV Of IFM=g Activity TO Tj 



►sin 



50 pi samples of authentic HuIFN-« (specific 

• 12 x 10* U/mg; 50U), and the S100 extracts 

activity, 1.2 x 10 /mg. (z _ pK T287(Pst)/HcIF-2h-AH6) 

(1000 U/ml; 50 3Q min at 37 o c . Since 

^ S100 extract have a high protein content, while the 
the S100 extrac f HuIFN - a and the control 

HulFN-a does not, a mixture or 
S100 extract Hif-32 was tested in parallel. 



TFN-a pr e paration 

HulEN-a (50 units in 50 pi 
Hif-32 S100 extract) 



TT- ypsin (uq) 



IFN-a activity 
( units ) 



Hi f -287-6 S100 extract (10 units) 



0 

0.1 

1 

10 
50 
0 

0.1 

1 
10 
50 



50 
50 
50 
5 
0 
15 
15 
5 
1 
0 



Therefore the IFN-a of the extracts is sensitive 
to trypsin and hence a protein. 
Hif-35 S100 extract (50 units) 



0 

0.1 

-1 

10 
50 



30 
20 
20 
2 
0 



2. 



g e h avior_o g rl„ smator graphy. "» SeohadexJ^lOO 



Extract Hif-35 (1 ml) and the S100 extract of 
— coli HB10r(Z-pBK322(Pst)/HcIF-SN32) ( "Hif-32 ^*^* a °^ 
E^coli HB101 \ P sephadex G-100 column at 

were chromatographed on a 32 ml s p chrome c 

4'C in 50mM K-phosphate buffer (pH 7.4). cyt 
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(0.2 »g) was added as an internal marker The flow rate 
was 2 Bl/hr and 1.0 ml fractions were collected. The 
absorbance at 280 nm, and 405 nm (cytochrome c>, and the 
IFN-o activity were determined. As shown m Figure 7. the 
IFN-a activity of Hif-35 extracts was eluted before cyto- 
chrome c. with a kj, value of about 0.45. Therefore, the 
apparent molecular weight of the substance was between 
about 20-000 and 30 '000*; no activity was detected in the 
fractions of control extract Hif-32. 

3 Inhibition Of The Interferon Activity 
Of Hif-35 And Hif-287-6 By Antibody 
A gainst Human Leukoc yte interferon. 

Hu IFN-a (specific activity 1.2 x 10* IU/mg). 
and the Hif-35/Hif-287-6 S100 extracts were 
with various dilutions of sheep antiserum against Hu IFN-a 
(prep. K. Cantell, Feb. 24, 1976. specific 
450-000 units/ml) in 100 M l Modified Eagles Mediun, (MEM) 
with 10% calf serum for 30 min at 37°C and 45 pi were 
assayed for IFN-« activity by the cytopathic effect reduc- 
tion assay. (The antibody itself did not cause a cyto- 
pathic effect): 

Anti- leukocyte- 
interferon antibody 
( units ) 



IFN-a Preparation 
(units) 



Residual 
IFN-a activity 

<IU> 



IFN-a 

(10) 

Hif-35 extract 
(25) 

Hif-287-6 extract 
(25) 



none 



0 




0, 


18 


9 




450 




0 




0. 


18 


9 




450 




0 




0. 


.18 


9 




450 




0 




450 





5 

-0 .5 

<0.1 

<0.1 

15 

15 

<0.1 
<0,1 
15 
15 

<0.1 
<0.1 
<0.1 
<0.1 



* The molecular weight ^SnS^SceSsinfifll?^' 
ing and assuming no carboxytermmal processing is 
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To show that the action of the antibody was not due to an 
unspecific effect, such as proteolytic degradation, a 
similar experiment was performed with the mouse interferon 

system: m , 

Anti-leukocyte- I FN activity 

titm Preparation interferon antibody (units/ml) 

(Units) (units/ml) mouse system 



(Units) 

mouse preparation 45 29 
(100 units) 90 



100 
100 
100 



Thus, antibodies directed against HuIFN-a specifically 
inhibit the IFN-a activity of polypeptides produced in 
E . coli transformed with certain recombinant DNA molecules 
containing the HcIF-2h DNA sequence. The apparently 
lower affinity of the antibody for the IFN-cr produced in 
E . coli may reflect structural differences between the 
latter and natural HuIFN-a, for example, absence of 
carbohydrate moiety, presence of signal sequence, or 
fusion to part of the p-lactamase sequence. 

4 . Reduced Activity Of Hif-35 And 

Hi f -287-6 Extracts On Mou se Cells 

Human CCL23 cells or Mouse L929 cells were 
treated with E. coli extracts. Hu IFN-cr (prep., K. Cantell, 
specific activity 1.2 x 10 6 units/mg) or mouse IF (N.I.H. 
standard), were challenged with virus (Mengo virus in the 
case of human cells and VSV in the case of mouse cells) 
and the IFN-o activity determined by the cytopathic 
effect reduction assay: 

I FN activity (units /ml) 
Addition human system mouse system 

mouse - interferon (120 units/ml) - 

Hif-35 extracts ^jjjj 120 

Hif-287-6 extracts ^jj 4 J 

Hu IFN-o (100 units/ml) " 100 J 

HuIFN-a (1000 units/ml) 100O 
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These results show that Hif-35 and Hif-287-6 extracts 
have a protective action on human cells and only a slight 
effect (-10%) on mouse cells, as is typical for human 
interferon. 

5. Effect On Some Cel l Function 

Extracts from E. coli HB101 (Z-pBR322(Pst)/Hif- 
SN35-AHL6) were compared with authentic IFN for its 
effect on some cell functions. The E. coli. made IFN-cr 
displayed the following properties of natural IFN-cr: 
(1) it enhances natural killing activity of human lympho- 
cytes; (2) it enhances antibody-dependent cell-mediated 
cytotoxicity; (3) it suppresses antigen- and mitogen- 
induced leukocyte migration inhibition; and (4) it inhibits 
growth of IFN-sensitive Burkitt lymphoma cells. These 
properties are indicia of E. coli synthesized IFN-al's 
activity against human tumors and cancers. 

6. Activity Of IFN-cr Without 
Amino-Termina l Sequences 

IFN-cr without amino- terminal sequences has also 
been made in E. coli and shown to display activity consis- 
tent with IFN activity. 

To construct the appropriate recombinant DNA 
molecule, plasmid Hif-2h ( supra ) was partially digested 
with EcoRI and BamHI and the fragment containing the 
IFN-al coding sequence separated on agarose gel and 
combined with the non- IFN-al coding sequence obtained 
from an EcoRI /BamHI restriction of plasmid Hif-SN35 which 
is missing a Pstl site adjacent the 3* end of the hybrid 
insert as compared to Hif-2h (supra). The resulting 
plasmid was then restricted with Pstl/Bgll to remove a 
portion of the amino terminal part of the IFN-al coding 
sequence. Inserted in its place were a series of IFN-al 
fragments prepared by digestion of plasmid Hif-2h with 
Pvuil, treatment with Bal exonuclease, attachment of Pstl 
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linkers and restriction with Bglll. The resulting plasmxds , 
tfcus contained a series of IFN-al coding ~^ eS ^ s 
lacked various portions of their amino termxnal sequences, 
lacicea v * digested with Pstl and 
One of these <plasmid 2H-M8) was oige* 

j.+orrnined Sequencing revealed 
its nucleotide sequence determined. s»eguea y 

that the plasmid 2H-M8 contained several nucleotxdes 
^eet the P*t site and the first codon (CVS, of IFN-al. 
Therefore, the Pstl digested plasmid 2H-«8 was treated 
with T4 polynuclease/dATP. Si exonuclease and dxgested 

sail, ^his procedure generated a series of fragments 
whose~^H-al coding sequences were missing portxons of 
their amino terminal end. These fragments were then 
placed under LAC control by operatively linkxng ^Jo 
La-LAC fragment prepared from plasmid Lac3V8 by dxgestxon 
with EcoRI , treatment with exonuclease Si and 
with iall. The resulting series of plasmids thus had 
IFN-alToding sequences lacking various portxons of thexr 
alio terminal ends attached in a counterclockwxse dxrec- 
"on via an AUG to a fragment containing the LAC promoter. 

Some of these plasmids were sequenced. One 
hegan at the fifth amino acid of IFN-al and one at the 
tenth amino acid of IFN-al . in F^colx ^nxcells (DS410, 
both of these plasmids produced polypeptides that *^** d 
j FN activity. Therefore, not all of the IFN-al protexn 

for I FN activity. 




IDENTIFICATION OF CLONES OF E . COLI CONTAINING 

RECOMBINANT DNA MOLECULES J^OSE DNA J»SERTS 
WEAKLY CROSS-HYBRIDIZE TO THE INSERT IJH^ C 
AND HAVE A DIFFERENT RESTRICTION MAP THAN THE 

Hif-?h FRAGMENT 

The comparison of the first 35 amino acids of 
authentic lymphoblastoid interferon (Zoon e^al,, s^i- 
and M. Hunkapiller and L. Hood, supra, and the sequence 
deduced from Hif-2h fragment shows 9 ^"•^»V*» 
cases, the codons for the differing amxno acxds could be 
related by one-base changes. The amino -id composx^ons 
determined directly for authentic lymphoblastoxd interferon 
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on the one hand and deduced from the sequence of the 
Hif-2h fragment on the other, also show striking differ- 
ences in regard to their content of Gly, Pro. Cys and 
Met. These differences are too large to be explained by 
polymorphism. Instead, they most likely reflect the 
existence of at least two non-allelic genes, because the 
degree of divergence of the two proteins (26% mismatch) 
is similar to that between, for example, human and sheep 
B-globin (23% mismatch). Accordingly, the clones that 
displayed weak hybridization to fragment Hif-4c, identified 
previously (supra), were examined and a clone E.coli HB101 
(Z-pBR322(Pst)/HcIF-I 1-206) was identified. 

The hybrid plasmid Z-pBR322(Pst)/HcIF-I 1-206 
("HcIF-I 1-206" ) of this clone and its DNA insert 
"Hif-I 1-206 fragment" are weakly hybridizing to Hif-4c 
and Hif-2h fragment. coli transformed with plasmid 
Hif-I 1-206 produces polypeptides displaying a biological 
or immunological activity of HuIFN-a . Hif-II-206 fragment 
has a restriction map that is distinct from that determined 
for the Hif-2h fragment. A comparison of the two restric- 
tion maps is set forth in Fig. 11. Again, the absolute 
location of the restriction sites in the Hif-II-206 
fragment is not determined by restriction mapping alone. 
However, sequencing of the nucleotide sequence of this 
insert, using the standard procedures described above, 
permits more absolute determination of these locations. 
However, because of the differences in the restriction 
map of the Hif-II-206 fragment as compared to the Hif-2h 
fragment, it is clear that the interferon genes of the 
two inserts have different nucleotide sequences. 

Referring now to Figures 12-16, the nucleotide 
sequences of the inserted DNA sequence ~ Hif-II-206 

fragment of culture HcIF-G and the inserted DNA 

sequence — Hif-2h fragment — of culture HcIF-E (infra), 
determined previously, and the corresponding amino acid 
sequences of the proteins coded for by those nucleotide 
sequences are displayed. The nucleotide sequence of the 
Hif-II-206 fragment — the Pst I fragment (790bp) of the 
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plasmid DNA isolated using the procedure of Method B as 
described by N. M. Wilkie et al., NUcl. Acids Res.,, 7, 
pp. 859-77 (1979) from culture HcIF-G — was determined 
using the standard procedure of A. M. Maxam and w. Gilbert, 
supra. The sequencing strategy employed is shown in 
Figure 17 . 

Restricted DNA (usually about 10 |ig) was 5' 
terminally labelled as described by N. Mantei et al., 
Gen e t 10, pp. 1-10 (1980). Labeled fragments were 
cleaved with a second restriction enzyme, the products 
separated by electrophoresis through a 5% polyacrylamide 
gel in Tris-borate-EDTA buffer (A. C. Peacock and C. W. 
Dingman, Bioch. , 6, pp. 1818-27 (1967)), extracted from 
the gel, and purified as described by W. Muller et al., 
J. Mol. Biol. , 124, pp. 343-58 (1978). 

' Referring now to Figure 17. the various fragments 

for sequencing were prepared as follows: 

25 and 26 — cleavage of Hif-II-206 with Pstl. 
labelling, cleavage with Bglll, isolation of a Pstl*-Bglll 
fragment (257bp) ("25") and a PstI*-BglII fragment (279bp) 
("26"); 

21, 22 and 23 — cleavage of Hif-II-206 with 
Pvull, labelling, cleavage with Bglll. isolation of a 
PyulI*-BglII fragment (88bp) ("21"), a PyulI*-BalII 
fragment (176bp) ("22") and a PyuI*-BalII fragment (214bp) 

("23"); 

11, 12, 13, and 14 — cleavage of Hif-II-206 
with Bglll, labelling, cleavage with Pstl, isolation of a 
B2lII*-PstI fragment (279bp) ("14") and a comigrating 
mixture of a BglII*-PstI fragment and a BolII*-BglII* 
fragment. Cleavage of the mixture with PyuII and isolation 
of a BalII*-PstI fragment (257bp) ("13"), a BglII*-Pyu" 
fragment (176bp) ("12") and a BalII*-PyuII fragment 

(88bp) ("11"). 

27L, 27U, 41, 43, 44 and 45 — cleavage of 

Hif-II-206 with Hinfl, labelling, isolation of precursor 

fragments: Hinf I * -Hinf I * (113bp) ("27P"), Hinfl*-Hinfl* 

(146bp) ("28P"), Hinfl*-Hinfl* (159bp) C'30P"), Hinfl*- 
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Hinfl* (397bp) ("31P") and Hinf I*-Hinf I* <1522bp) ("32P"). 
Cleavage of 28P with MboII and isolation of a fragment 
Hinf I*-MboII (112bp) ("41"). Cleavage of 30P with MboII 
and isolation of a fragment HinfI*-MboII (126bp) ("43"). 
Cleavage of 31P with Pst I and isolation of a fragment 
Hinfl *-PstI (151bp) ("44"). Cleavage of 32P with PstI 
and isolation of a fragment Hinf l*-Pstl (139bp) ("45"). 
Strand separation of 27P to yield two strands ("27U" and 
"27L" ) . 

All segments, except 27U amd 27L, were sequenced 
on both strands and across the restriction sites that 
served as orgins for sequencing, except for the Bglll 
site at position 185. 

From a comparison of the amino acid sequence 
coded for by the two inserts it is apparent that the 
Hi f- 1 1 -206 fragment codes for an interferon- like protein 
having one less amino acid than does the Hif-2h fragment 
(amino acid 44 (Asp) present in Hif-2h is missing in 
Hif-I 1-206). Moreover, 10% of the nucleotide positions 
and 17% of the derived amino acid residues of the two 
fragments are different. 

In addition, when compared to the 35 amino acids 
determined for the amino terminus of lymphoblastoid inter- 
feron (K. C. Zoon et al., Science , 207, pp. 527-28 (1980)), 
the insert Hif-I 1-206 codes for a protein that differs in 
5 residues from the 35 amino acid residues determined by 
Zoon et al., supra . Therefore, at least three different 
I FN genes of the leukocyte type (a type) must exist — 
Hif-2h fragment, Hif-1 1-206 fragment and the gene coating 
for Zoon's I FN. In accordance with the newly proposed 
nomenclature for interferon, hereinafter the proteins 
coded for by these genes will be identified as follows: 
I FN Gene Source Protein 

Hif-2h IFN-crl 

Hif-II-206 IFN-a2 

I FN from lymphoblastoid IFN-a3 
cells (Zoon et al. 
( supra ) 
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The differences between IFN-crl and IFN-a2 are 
also reflected in their varying activities on human CCL23 
and bovine embryonic kidney (BEK) cells: 

Relative I FN Activity * 



CCL23 


BEK 


Ratio 


1.7 


1.0 


1.7:1 


0.05 


1.0 


1:20 


; about 30 


times le* 


5s active 



if-II-206 (IFN-a2) 
Hif-SN35** (IFN-al) 



on human cells than IFN-«2. Yet, they are both about 
equally active on bovine cells. Therefore, IFNs may, m 
addition to their use as antiviral and antitumor or 
anticancer agents in humans, also be useful in treating 
these conditions in cattle. For example, preparations of 
HuIFN-o could be employed in a standard manner (supra) in 
treating FMDV and other well known viral infections of 
cattle This is even more particularly true for IFN-al 
since its activity on bovine cells is about 20 times 
greater than its activity on human cells. 



* E coli HB101 containing the hybrid plasmid were 
S^^^c^Z^^SSSS weighe^resusUde, 
iH°?/lu0 or vlo of the original culture volume and lysed 
S ihe°?y|o Z yme-f --e-thaw jethod^S. Nagata 

wefe^testea' b^CP^^duciirissay^n ?icroti?er plates . 
Extracts from control cells were negative (<1 {-g^^ 
Extracts iiwu bovine embryonic kidney (BEK) ceiis 

Human CCL23 cells ™* a "£ v *£y f eta i calf serum. Exposure 
(FLOW) were grown in MEM-1CU fe £»* caxi 5e * cells were 
to iFN-containing extracts was for 24 h. The "lis 

challenged with an .Jg^^-i^tSLSf^SuiT 
refative^o P arJi^ 

lion wafabouJ Sx STEWS ^an^an » cells 

and hS^X^^ 
each other ( supra ) . 
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Because of the improved yield attained in the 
case of IFN-al with construction C8 (supra), a similar 
construction was made for IFK-«2. Z-pBR322(Pst)/Hif-I 1-206 
was cleaved completely with BsdI and partially with PvuII 
(at PI) (Figure 28) and the 867 bp fragment was isolated 
from a 6% polyacryl amide gel . This fragment was then 
ligated to a 2590 bp PvuII fragment of C8-IFN-al.* The 
resulting hybrid plasmid was used to transform E. coli 
HB101 and the clones screened for I FN activity. One 
clone displaying a high activity was selected and desig- 
nated E i _coli HB101 (C8-IFN-o2). 

DNA sequencing of hybrid plasmid C8-IFN-a2 
revealed that it like C8-IFN-al had a coding sequence 
following the initiator triplet that determined the first 
seven amino acids of B-galactosidase, a Pro residue 
generated by the fusion and amino acids 16 to 23 of the 
IFN-a2 signal sequence. Therefore, again a fused protein 
containing IFN-a2 is likely to be expressed. 

Minicells transformed with this plasmid gave 
100-200 million units per 1 of I FN or 20000 to 40000 
times higher yields of IFN-c.2 than minicells transformed 
with unmodified Z-pBR322(Pst)/Hif-II-206. 

A comparison of the relative yields of CS-IFN-d 
(-50 x 10* units/liter) and C8-IFN-a2 (-100-200 million 
units per liter) is at first surprising because IFN-a 2 
has been shown to be about 30 times more active than 
IFN-al on human cells ( supra ). However, quantitative 
analysis of the amount of the two proteins made by minicells 
transformed with the two C8 plasmids revealed that in 
C8-IFN-al about 5 to 6 times more protein than in C8-IFN-a2 
was being made. Therefore, the yields measured on the 
basis of I FN activity had been skewed by the much greater 
amount of protein made in the case of CS-IFN-al. 

Referring now to Figure 26, another construction 
in an attempt to improve the yield of IFN-a2 is described. 



CS-IFN-al has three PvuII restriction sites (Figure 28) 
The 2590 bp fragment is between P x and P 3 . 
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First an expression plasmid containing the LAC Alu 
Silent was'prepared by restricting the Jcnovn lac propter 
wi^AluI and extending the fragment as shown (for one . 
terming in Figure 27 with EcoRI linkers (prepared by^ 
colloborative research). The extended fragment was then 
inserted into P BR322 at the EcoRI site and a small 
EcoRI-EcoRI fragment deleted from the construction. The 
relultlS Plasmid, designated 404 in Figure 26 was cleaved 
w^h Hinllll and PyuII for insertion of the IFN-.2 contam- 
ing fra^ient. That IFN-2 fragment was prepared by 
partial Sau3A restriction of 2 -pBR322(Pst)/HcIF-II-206 
(..206- figure 26), extension of the Sau3A ^agment 
with HindHI linkers (Figure 27) and cleavage with Bspl. 
^Insertion of this fragment into the Bindlll-FvuII ^ 
cleaved plasmid 404, the resulting plasmid was restricted 
with HinLlI and EcoRI, treated with Si nuclease to bring 
the ^remoter closer to the IFN-«2 gene and related. 
This construction identified as plasmid ^UG(«2) has 
the IFN-a2 DNA sequence under the control of the LAC 
promoter. Moreover, the IFN-«2 sequence immediately 
follows the initiating AUG codon of that promoter see 
Figure 27). Therefore, at least a Portion of 6 
produced by these plasmids will be mature IFN, e^, IFN 
without any amino acids from the signal sequence. In 
minicells the yield of IFN-«2 obtained with plasmid 
LAC-AUG(a2) was 5-10 million units per liter. 

Another I FN- a 2 construction based on similar 
linking principles has also been made. Here, the penicil- 
linase expression control sequence of pBR322 has been 
connected via an AUG initiator codon to the IFN-«2 gene 
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from Hif-II-206.* This plasmid designated as p-lac-AUG(a2 ) 
when used to transform host cells affords the production 
of IFN-a2 without fusion to other protein sequences. In 
mini cells, yields of 50-100 million units per liter have 
been observed- This plasmid is the most preferred plasmid 
for use in accordance with this invention. It is also 
preferred for use with the other IFN-cr genes disclosed 
herein. The preferred host in accordance with this inven- 
tion is E. coli DS410 (ara azide TonA lac y Tsx min a min 
b gal X xyl step R ). This strain has been deposited together 
with an example of the preferred plasmid p-lac-AUG(c.2 ) as 
HCIF-K. 

Other constructions using various promoter 
sequences, ribosome binding sites, Shine-Dalgamo sequences 
and DNA sequences between the promoter and the AUG initiator 
codon and using various of the IFN-a genes disclosed 
herein can also be constructed using similar methods and 
principles. These constructions are of course envisioned 
by this invention and are within the scope thereof. 

HYBRID MOLECULES OF IFK -al AND IFN-a 2 

A number of hybrid molecules of IFN-ol and 
IFN-a2 have been constructed. Surprisingly these hybrid 
constructions have quantitatively different properties 
and activities as compared either of their parents — 
IFN-a 1 or IFN-a 2 . 



This construction could most effectively be made by 
partial digestion of P BR322 with HtooII. treating with Si, 
attaching^! linXers as before and reinserting 



coua. a tnen oe goraui»=« — . ~ " „,_-i „ — after 

linker-BspI fragment of 206 described P«viously. After 
cleavagi-with EcoRI and treating with Si and phosphatase, 
the expression^Iasmid B-lac-AUG(a2 ) is «olated 
Constructions with other genes could be done in a "? llar 
fashion by merely utilizing the constructed P-J^-AUG 
Plasmid for insertion of other genes or ? on ^^|" ns ° r 
more preferably by using the Sau3A site in plasmid 
B-lac-AUG(a2) itself. 
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Ref erring now to Figure 28, a schematic outline 
of the construction of four of these hybrid molecules is 
displayed. For convenience these hybrid molecules are. 
designated as plasmids I, II, III and IV. In these 
constructions digestions with restriction enzymes (obtained 
from Biolabs, with the exception of Bs£l, a gift of 
Dr. Kiss) were carried out essentially as recommended by 
the suppliers. Partial DNA cleavages were carried out 
with decreased amounts of enzyme. After heat inactivation 
(65°C, 30 min) of the restriction enzyme, the samples 
were adjusted to SO mM Tris-HCl (pH 8) and if required 
calf intestine alkaline phosphatase (Boehringen) (1 vol 
per M g DNA) were added. After 30 min at 37»C, the samples 
vere extracted with phenol and ether. In most cases the 
DNA fragments were separated on low temperature gelling 
agarose (0.8%). For ligation the fragment containing gel 
pieces (about 20 pi each) were melted at 65 «C, cooled to 
37»C and 20 U per \il T4 DNA ligase was added. The mixture 
was kept at 15 °C for 16 hrs and ligation occurred in the 
solidified gel (H. Lehrach, personal communication (1980)). 
One tenth vol of 100 mM Tris-HCl (pH 7.5), 100 mM CaCl 2 , 
100 mM MgCl 2 was added, the sample heated 5 min at 65°C 
and cooled to 37°C. The samples were then added to 
Ca +2 - treated mini cells, incubated at 0°C for 20 min, 
heated 1 min at 42«C and 10 min at 20°C and 1 ml tryptone 
medium added. After incubation for 60 min at 37»C, the 
cultures were plated on to agar plates containing the 
appropriate antibiotics. All of the plasmids were charac- 
terized by nucleotide sequence analysis across the joint 

in the I FN sequence. 

Hybrid molecule I, an cr-l(PyuIl )a-2 hybrid, was 
constructed by partially cleaving C8-IFN-al (supra) (C8-ctl 
in Figure 28) with PyuII, dephosphorylated, cleaved with 
Psti and the Pstl-PvuII (P 2 ) 1346 bp fragment isolated. 
This fragment was ligated to a 2135 bp PstI(a)-PvuII(P 2 ) 
fragment prepared by totally cleaving C8-IFN-cr2 (supra) 
(C8-a2 in Figure 28) with PyuII and partially cleaving it 
with Psti. 
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Hybrid molecule II. an a-l(BglII )a-2 hybrid, 
was constructed by cleaving hybrid molecule I with Bglll. 
After dephosphorylation, the large BgjLII fragment was 
isolated and ligated to the small Bglll fragment of 
C8-IFN-o2. After cloning, the hybrid plasmid having the 
small Bgll I fragment in the correct orientation was 
identified by restriction analysis. 

Hybrid molecule III. an a-2 (PyuII )a-l hybrid, 
was constructed by partially cleaving C8-IFN-al with 
PyuII, dephosphorylating, cleaving with Ava l and isolating 
the 1686 bp PvuII (P 2 )-AvaI and 3233 bp PyuII (Pi ) -Aval 
fragments. These fragments were then ligated to the 
300 bp PvuII(Pi )-PyuII(P2 ) fragment of the HcIF-II-206 
( supra ) (SN206 in Figure 28) and the plasmid containing 
the small PyuII fragment identified by assaying trans- 
formed E. coli strains for IFN-a activity. 

Hybrid molecule IV, an cr-2 (Bglll )a-l hybrid, 
was constructed by cleaving C8-IFN-0I with Bglll and Aval 
and the 1776 bp fragment isolated. This fragment was 
then ligated to the 3543 bp Bglll -Aval fragment of hybrid 

molecule III. 

The biological activities of the different 

interferon species relative to each other were also 
determined. Cultures of minicells (DS410) transformed 
with the various plasmids were grown and the bacteria 
harvested by centrifugation, washed with PBS, suspended 
in PBS (about 1/20 of the original vol), incubated for 
60 min at 0°C with 1 mg/ml lysozyme, 10 mM EDTA, freeze 
thawed four times, sheared by passing five times through 
a syringe and cleaved by centrifugation. 

The activities on human, mouse, guinea pig and 
bovine cells were as follows: 

Relative I FN Activity 
Protein Source Human (FS4) Bovine (BEK) Mouse (L) Guinea Pig 

C8-IFN-a2 1 1 °- 01 0 ' 03 

C8-IFN-al 0.03 1 0.3 0.03 

Hybrid I 0.001 1 0.003-0.008 0.003-0.01 

Hybrid II 0.001 1 0.001 0.01 
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Hybrid III 
Hybrid IV 
Negative Control 



1 

0.1 



1 
1 



1 
2 



0.3 
0.1-0.005 



Surprisingly, all of the interferons have about the same 
activity on bovine cells, yet IFN-al and the two hybrid 
IFN's (I and II) which have the amino terminal moiety of 
IFN-al have about a 10- to 1000-fold lower activity on 
human cells than IFN-«2 and the two hybrid IFN's (III and 
IV) having the amino terminal moiety of IFN-a2. It is 
even more striking that the two hybrid IFN's (I and II) 
with the amino terminal part of IFN-al have more than a 
10-fold lower activity on human cells than IFN-al itself, 
yet,- one of the hybrids (III) with the amino terminal 
part of IFN-a2 has about the same activity on human cells 
as IFN-a2. 

IDENTIFICATION OF 
CHROMOSOMAL GENES FOR IFN-a 

A collection of hybrid phage derived from 
fragments of fetal human chromosomal DNA which had been 
generated by partial cleavage with Haelll and Alul, and 
joined with EcoRI linkers to A Charon 4A arms has been 
prepared by R. M. Lawn et al., Cell, 15, pp. i 157 " 7 * 
(1978). This gene bank was screened by an "in situ" 
procedure (W. D. Benton and R. W. Davis, Science , 196, 
pp. 180-82 (1977); T. Maniatis et al., Cell, 15, pp. 687- 
701 (1978)) using as a probe the 32 P . labe lled IFN-«lcDNA 
insert excised from pBR322(Pst)/Hif-2h. Sixteen hybridi- 
zation-positive phage clones were isolated from 240,000 
plaques by repeated plague purification (T. Maniatis 
et al . , supra ) . Ten of the hybrid phage DNA preparations 
were cleaved with Hindlll, TacI, Hhal , BamHI, EcoRI and 
Ball I, respectively, and the fragments separated by 
electrophoresis on an agarose gel, transferred to a 
Millipore membrane (E. M. Southern, J. Mol. Biol., 98, 
pp. 503-17 (1975)) and hybridized with the "P-labelled 
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Hif-2h cDNA insert. Figure 18 summarizes the results in 
the form of partial restriction maps and various tables. 
As displayed there, for each hybrid phage DNA preparation 
at least a few characteristic restriction sites were 
established and the region(s) hybridizing to the IFN-al 
gene probe delineated (black arrow).* 

Referring now to Figures 18 and 24, it can be 
seen that clones chr-3 and chr-26 may represent DNA 
segments which overlap over much of their length because 
they have several EcoRI and Hindlll fragments in common, 
in addition, the hybridizing portion of chr-1 and one of 
the hybridizing portions of chr-10 may be the same because 
the Hindlll-Hindlll and EcoRI -EcoRI fragments, which 
hybridize with the Hif-2h probe have the same length 
(3. 2Kb and 0.95kb, respectively). It also appears that 
the "right-hand" hybridizing portion of chr-16 (labelled 
"r" in Figure 18) may be identical with the hybridizing 
portion of chr-35. although orientated in the opposite 
direction, inasmuch as each of the two clones yields a 
1 4kb Ball I -Bgll I fragment and a 2kb EcoRI -EcoRI fragment 
which hybridize with the Hif-2h cDNA probe. Therefore, 
most likely the chr-16 and chr-35 inserts overlap. 

Accordingly, it appears that the 13 hybridizing 
portions of the 11 hybrid chromosomal DMAs fall into not 
less than 10 distinct classes — chr-1, chr-3, chr-12, 
chr-13, chr-16 (left hand, labelled "1" in Figure 18) 
chr-26, chr-30, chr-35, chr-19 and chr-27. 

Referring now to Figure 24, the overlapping of 
chr-1, chr-3, chr-10 and chr-26 and that of chr-16 and 

chr-35 are displayed. 

The above data suggests that the genome of an 
individual human contains not less than 10 different DNA 
sequences that cross-hybridize to Hif-2h. This conclusion 
is reinforced by the fact that the proportion of fragment 



* The shaded area on chr-16 in Figures 18 and 24 
represents a sequence which hybridizes weakly to Hif-2h 
cDNA but did. not display R-loopmg. 
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Hif-2h-related sequences detected in the clone bank xs 
lout 1 in 16.000. Assuming a value of 3 x 10- bp for 
the haploid human genome, the expected value 
cene copy with an average DNA fragment sxze of 16kb (the 
average value of the clones examined, is about 1:190.000. 
Therefore, the frequency of Hif-2h related fragments xs 
12 times higher than expected for a sxngle gene. 

in comparison to these data, when Lawn et al 
(supra) screened 300.000 plagues from the same gene bank 
ll^Ta p-globin cDNA probe, only 2 positive clones were 
identified - the expected value being 1.6:300.000 
Therefore, there may be 10-15 distinct chr omosomal » 
segments in the human genome that cross-hybrxdxze to the 
Hif-2h fragment or IFN-crlcDNA. 




As an i 



llustration only, the hybridizing sequence 



of chr-35 ("Hif-chr 35") was further characterized It 



IS 



to be understood that the hybridizing portions 

described chromosomal hybrid phages could 



of the 



slmririy^r^ar'acterized and handled without departing 

from the scope of this invention. 

hybridizing portion of chr-35 («Hxf-chr35 ) 
0 p™ P nt of Hif-chrl6 to which xt xs 



(and the right-hand segment of Hif-chrl6 to 

likely identical, supra) is the only hybrxdxzing 



most: 



chromosomal DNA portion with a BglH sxte. Sxnce IFN-al 
and IFN-a2 cDNA's have 1 and 2 BolII sites, respectively, 
within their coding sequences, it seems likely that 



Hif-chr35 is a counterpart to one 



of the two previously 



cloned interferon genes 
to the 3' te 



Hif-chr35's strong hybridization 
^rminarHif-2h cDNA fragment (containing only 
the 3- non-coding region) compared to the weak ~ * yb "^ 
zation of the other of the chromosomal DNAs^ ^xs^ probe 

supports 

(F 



likely correspondence of Hif-chr35 and Hif-2h 



orts a lxxexy cotresyvu«uv S ~~ 

Kaf atos et al . . ^ OC - Natl. Acad. Sci USA, 74 
pp. 5618-22 (1977)) 
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To analyze the Hif-chr35 fragment further, a 
Hindlll-BamHI fragment was excised from chr-35. This 
fragment (3. 4Kb) contains the hybridizing portion 
(«'Hif-chr35») of chr-35. This fragment was subcloned 
into the Pstl site of pBR322 using the well-known dC-dG 
tailing procedures (L. villa-Komaroff et al.. supra) and 
E.coli HB101 transformed with the resultant recombinant 
DNA molecule using well-known procedures (e.g.. S. Nagata 
et al.. Nature , 284, pp. 316-20 (1980)). 

Clones of these transformants were screened by 
in-situ colony hybridization (D. Hanahan and M. Meselson, 
Gene, 10, pp. 63-67 (I960)) with the "P-labelled Hif-2h 
lament ( supra ) and plasmid DNA — Z-pBR322(Pst)/HchrIF- 
35HB »HchrIF-35HB» — was the separated from the positive 
clones (N . M. Wilkie et al., Nucleic Acids Res., 7. 
pp. 859-77 (1979); Method B). The orientation of the 
hybrid insert »HchrIF-35HB fragment" in the plasmid with 
respect to the p-lactamase gene of pBR322 was determined 
by ECORI cleavage and sizing of the resulting fragments. 
Theln'sert orientated to coincide with that of p-lactamase 
was designated a and the opposite orientation p. 

Cultures of these positive clones were grown to 
an apparent OD 650 = 0.8 and the bacteria harvested and 
lysed by the lysozyme-freeze-thaw method described in 
S. Nagata et al., supra. Seven of the 10 clones examined 
showed IFN-et activities of 75 to 500 units/g of cells 
(cytopathic effect reduction assay). 

The DNA insert of one of these 7 iFN-producing 
clones - E. coli HB 101 (Z-pBR322(Pst)/HchrIF-35HBa ) - 
was further characterized by restriction analysis and 
nucleotide seguence determinaton . Plasmid DNA (HchrlF- 
35HBa ) was prepared from the clone as described previously 
and the restriction sites determined by Smith-Bimstiel 
mapping (H. O. Smith and M. L. Bimstiel. Nucl . Acids Res. ,, 
3. pp. 2387-98 (1976)): HchrIF-35HBa was digested with 
EcoRI. labelled at the 5' termini and digested with B^H 
(and Pstl to cleave an undesired fragment of about lkb). 
The 1.04kb EcoRI-BglH (3- proximal) and the 0.96kb 
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< 

„ „, .=111 IS' proximal) fragments were isolated by 
EcoRI-Baill 1= P 1 ^..cribed by A. c. Peacock 

sgarose gel electrophoreses as descrrb y 

md c. W. Dingman. B^WS^W wlth ginf:. bsp! 
Both fragments ^/".^ products separated on a 
and HboII "^SLStt. buffer (ph 7.8, containing 
1% gel l " Tr " , " ,„ini»a. the radioactiv 



1% agarose gel m irrs- sta ining. the radioactive 

! „g/ml ethidium bromide. After starna g. 
X.ands were visually by autoradxo^r.phy . ^ ^ 



• ,i ar iu determined on m« a.w-*~~ 

HgiAI sites were Bimxlarly_ « e analysis is 

(3« proximal) fragment. The results 



shown in «^ 9 ieotide sequence termination. Bchrxr- 

.i.aved with various restriction enzymes, the 
35HB. was cleaved "™ esl . ^ough a 5% poly- 

product. separated by (A . c . peacoch 

acrylamide gel in Iris-borate * £rom tte , e l and 
and C. w. Dingman. sajpra) and extracted from 
purified as described by «. Meller et al.. J - 

124 ' ^.e^e'ncin, strategy employed is depicted in 
Figur e 1, and J- a -^J^n^. M «. with Belli. 

filing, cleavage - ( ^-« 
a BglII*-E£oRI fragment (940bp) ( 1 ) an _a_ 

(360bp) ("2"); Hc hrIF-35HBa with EcoRI , 

3 and 4 — cleavage of Hcnriir wm» - 

Bsol and isolation of an EcoRI*r 
labelling, cleavage with Bspl ana 1 fragment 

. ,conhn» / 11311 1 and an EcoR I *-bsj>i, ii«»a 
Bsp l fragment (680bp) 1 3 J 

(880 bp) ("4"); nehrIF-35HBa with 

5 6 7 and 8 — cleavage of Henri* 

PvuXX. labeling, cleavage with B^XX -d Ica« and 

" — , nf pvuII*-EcoRI fragment <780t>p) * 

isolation of Pyun 5 — __, TI fra groent 

Pvull-Bglil (2l5b P ) <-6->, aFyull £*T „ 8 „ ); 

T^bo. 7^»). and a PvnII*-EcoRI fragment (290bp ( 

( 9 and 10 -Cleavage of HchrIF-35HB« with 

^R, isolation 

Tris-borate EDTA buffer of a 1300 op _ Hinfl 

£ar ther cleavage with S^^f^elt S)-" " 
fragment <450bp), and a Hinfl-Hinfl tragm 
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Labelling, of the larger Hinfl-Hinfl fragment and cleavage 
with ItooI I permitted isolation of a Hinfl'-JtooII <190bp) 
("9"). Labelling of the shorter Hinf l- Hinf l fragment and 
cleavage with Avail permited isolation of a HinfI*-AyaII 

fragment (150bp) ("10"); 

11 — cleavage of HchrIF-3 5HBa with MboII, 
labelling, cleavage with Bglll. and isolation of a MboII*- 

Bglll fragment (465bp) ("11") 

12. 13 and 14 — cleavage of Hchr I F-3 5HBa with 
Bsp i and Ball I, isolation by agarose electrophoresis as 
above of a 1200bp Bspl-Bglll fragment and (a) cleavage 
with HaiAI, labelling, cleavage with Vtooll and isolation 
of an HgiAI*-ltooII fragment (300bp) ("12") and an HaiAI*- 
Mboll fragment (360bp) ("13"). or (b) cleavage with 
BstNI, labelling, cleavage with EcoRI and isolation of a 
BstNI*-EcoRI fragment (380bp) ("14"). 

The various fragments were sequenced by the 
Maxam-Gilbert procedure (supra). All fragments were 
sequenced on both strands and across the restriction 
• sites that served as origins for sequencing. 

A comparison of the nucleotide sequence of the 
coding region of HchrIF-35HBo and that of Hif-2h (coding 
region) (Figures 8-10 compared to Figures 20-23) reveals 
that they are identical. In particular, it is surprising 
that there is no indication of the presence of introns 
within the coding sequence of the Hchr I F- 3 5HBct fragment, 
i.e., between the Hinf l site in the 5- non-coding region 
and the EcoRI site in the 3' non-coding region. 
Thus, no intron could be detected in the chromosomal 
sequence corresponding to mature IFN-aroRNA. 

FURTHER CHARACTER I 2 AT I ON OF 
Hif-chr 26 AND Hif-chr 3 

The gene-containing segments of chr-3 and 
chr-26, which appear identical by heteroduplex analysis 
but differ in at least one Balll restriction site were 
examined by nucleotide sequencing. Five nucleotide 
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• n->* hase oairs were founds. Only two of 
differences - '2^^" ^ ^ ^ ^ 

these appear in the codi^ £ „ nd 6 . 0 Kbp follow- 

aenes, but at, leasr j.s f of the 

!» 9 then formed a perfect heteroduple* ^J~£*« f 
relatively low sequence diverce^ «hrch «tarl. only^ 
^nc acid changes, it appears that Hif-chr3 » 
are allelic forms of the ■•»•«•»■• nu !i eo tid. 

trrirnZt l .rinrjencfof 

Z^ZlTtr^J, sequencing technics described 

X2-16 and *0- 2 f reveal, that the proteins encoded by each 
of the seances differ fro. each 

tneir residues. This "~^£^ 0 _ 90 «!llion 
of non-allelic genes which have diverge 

years ago. 

Expression of HifjHghr35 In Mouse Cells 

Plasmid z- P BR322(Pst)/HchrlF-35HBa (supra) was 
- a tih f _chr35 fragment for expression 
us ed as a source . wit h Pst. - 
in mouse cells. Tne pA«wx j ^ «h a ii s 

treated with exonucleas. " remove the > «^ talls^ 
rUs fragment «s then inserted into *S dG- ^ 
fragment of a plasmid prepared by fining *n __ — 
fragments of PBR322 and polynoma DMA. The resultrng 
vec^orTa. used to transform mouse 3„ cells u.ingthe 
calcium Phosphate technique (H. Mantel et_SU. fi^S- 
281 pp 40-46 (1979)). These transformed cells « e 
designated for convenience Mouse 3T3 (polyn 
& T-i-*»r- 20-40 hours, assays revealed an IFN-a ac^ivi^ 
^ units/ml of .n.-. on human cells and about 3000 

^t I ^i:Vrctrrsrbe ,, under.tood that the 

nucleotide sciences depicted in Figures ™-J*£M*m 
20-23 and 29-32 do not ttke into account any Mai f*""° 
Z the"ucleotide sequences such » mutation, including 
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single or multiple, base substitutions, insertions, 
inversions or deletions which may have already taken 
place or which may subsequently be employed. Moreover 
the sequence also does not take into account the possible 
substitution of other codons coding for the same amino 
acid as a codon depicted in these figures. Therefore, it 
should be understood that such modified sequences as code 
for polypeptides displaying an immunological or biological 
activity of IFN-or are also within this invention. 

in addition, it is to be understood that the 
amino acid sequences depicted in Figures 8-10. I 2 " 16 ' 
20-23 and 29-32 do not take into account any modifications 
to the polypeptides caused by their interaction with 
in vivo or in vitro agents e.g. in vivo glycosolation 
Z^Ts. Therefore, it must be understood that fragments 
and derivatives of these polypeptides that display an 
immunological or biological activity of IFN-or are also 
part of this invention. 

PRODUCTION OF POLYPEPTIDES DISPLAYING AN 
P ?SoLOGICAL OR BIOLOGICAL ACTIVITY OF 
INTERFERON IN BAC TERIAL HOSTS 

Since the cytopathic effort reduction assay 
(W E. Stewart II and S. E. Sulkin, s F. Proc. Soc. Exp. 
Biol. Med. , 123, pp. 650-53 (1966)) can detect minute 
counts of I FN - less than one active molecule per 
bacterial cell - lysates of E. coli HB101 infected with 
the ten hybrid X phages , described previously, were 
assayed for the presence of I FN. Seven of the eleven 
phages (all except chr-10, ' chr-12, chr-19 and chr-27) 
* gave lysates containing I FN activity ranging from 3 to 
50 units/ml. In the case of chr-10 and chr-12, the 
hybridizing (to Hif-2h) Hindi I I -Hindi I I or EcoRI-EcoRI 
fragments, subcloned into the Pstl site of pBR322 as 
described previously, expressed IFN-or activity m E^coli 
Since E. coli is believed to be incapable of splicing 
mRNA (O. Mercereau-Puijalon and P. Kourilsky. Nature. 
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279 pp 647-49 (1979)), these IFN-a chromosomal genes 
mosi likely do not contain introns in their coding region. 

FINAL CONCLUSIONS 

We have isolated a set of recombinant DNA 
molecules containing cDNA prepared from poly(A) RNA from 
Sendai virus-treated (induced) human leukocytes, represen- 
tatives of which have the following properties: 

(1) They hybridize to poly (A) RNA from induced 
but not from non-induced human leukocytes. 

(2) They hybridize to iFN-amRNA as shown by 
their capacity to select this RNA from a mixture of RNAs, 
and by their capacity to inhibit (reversibly) translation 
of interferon mRNA in the hybrid arrested translation 



(3) e. coli containing certain members of the 
set produce a compound with the following properties : 

(a) It is sensitive to trypsin 

(b) It exhibits IFN-a activity in a human cell 
system and only slight activity in a mouse cell system 

(c) It has a molecular weight between 20*000 
and 30 • 000 (19,388 based on the nucleotide sequencing of 

Figs. 8-10) . 

(d) The IFN-a activity is specifically inhibited 

by antibody to human leukocyte interferon. 

(4) The DNA inserts of the hybrid plasmids of 
this invention are able, in addition to their ability to 
select IFN-amRNA from a mixture of RNAs, to select IFN-aDNA 
from mixtures of various sources including cDNAs and from 
hybrid phage gene banks of chromosomal DNA. 

(5) A number of different chromosomal genes 
for IFN-a exist. It is unexpected that these genes lack 
introns and permit direct expression of interferon and 
interferon-like polypeptides in appropriate hosts. 

(6) At least three of the nucleotide sequences 
of the DNA inserts of these recombinant DNA molecules are 
different and suggest the existence of at least three 
non-allelic genes for IFN-a. 
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(7) The proteins coded for by these three 
nucleotide sequences are different from the 35 amino 
acids determined from authentic lymphoblastoid interferon. 

(8) Hybrid proteins prepared for various 
combinations of IFN-ot gene segments display quantitatively 
different properties than each other or their parents and 
proteins having additional amino acids fused to IFN-c, or 
proteins comprising IFN-a without a portion of its ammo 
terminal sequence display IFN activity. 

These properties demonstrate that the recombi- 
nant DNA molecules described by this invention contain at 
least a part of the coding sequence for human leukocyte 
interferon and that some of these plasmids lead to expres- 
sion in E . coli of a polypeptide with an immunological or 
biological activity of human leukocyte interferon. It 
should also be evident that the polypeptides disclosed 
herein may be fragmented, modified or derivatized. as is 
well known in the protein art, without departing from the 
scope or disclosure of this invention. 

Micro-organisms and recombinant DNA molecules 
prepared by the processes described herein are exemplified 
by cultures deposited in the culture collection Deutsche 
Sammlung von Mikroorganismen, in Gottingen, West Germany 
on January 7, 1980, and identified as HcIF-A to E: 



A: 


E. 


coli 


B: 


E. 


coli 


C: 


E. 


coli 


D: 


E. 


coli 


E: 


E. 


coli 



1703, respectively. 

in addition, micro-organisms and recombinant 
DNA molecules prepared by the processes described herein 
are exemplified by cultures deposited in the culture 
collection of the American Type Culture Collection, 
Rockville, Maryland on March 27, 1980 and identified as 
HdF-G to H, and assigned ATCC accession numbers 3/633 
and 3/634 respectively: 
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r E coli HB101 (2-pBR322(Pst)/HcIF-II-206) 
H riSlHBlOl (Z -pBF322(Pst)/HcIF-S N 35-AHL6) 
H: F^_co±i w ^ B _ Md by the processes described 
Other micro-organisms prepared by ™ ? 
, erpin are exemplified by cultures deposited in ^ 

,l collection Deutsche Sammlung von Mikroorgamsmem. 
culture collection , 1980 an d identi- 

in. cottingen. West Cermany na ^ ers 
fied as HchrlF-A through J. and assigns" 
DSM 1,14-1*23= bmiii £M9ment of ^ 3 in 

T' subcloned EcoRI fragment of chr 12 in 

li - £2U T' subcloned Hindlll fragrant of chr 12 in 

E ■ coli HB101; . in 
6 D. subcloned EcoRI fragment of chr 13 in 

BB E 01 '' subcloned EcoRI fragrant of chr 23 in 

suhclonad Bindlll fragment of chr 23 in 
T' suhclonad ECORI fragment of chr 26 in 
T' suhclonad Hindi 1 1 fragment of chr 26 in 
^-^.T'' suhclonad Hindlll/BaroHI fragment of chr 36 
in i-^™ 10 ^^^ frag »ent of chr 35 in 

Si " ££li Tinally. micro-organisms prepared hy the 

eesses d«crined herein are exemplified by culture. 

" -rican Xypa e-^^^. 
, mu wiarvland, on December 12' 1980 ana 
rsthrirlK^rgh'Hchrir-Q and HcIE-I through HclE-K. 
and assigned ATTC accession number, as follows . 



- 95 



0032134 



31760 HchrIF-K 

31761 HchrIF-L 

31762 HchrlF-M 

31763 HchrlF-N 

31764 HchrIF-0 

31765 HchrlF-P 

31766 HchrlF-Q 

31767 HcIF-I 

31768 HcIF-J 

31769 HcIF-K 

K. subcloned Tac-Tac fragment of chr 23 in 

E. coli HB101. 

L. subcloned Bglll-Bglll fragment of chr 10 1 

in E. coli HB101. 

M. subcloned Hind i 1 1 - Hind i 1 1 fragment of 

chr lOr in E. coli HB101. 

N- subcloned Bgl ll- Bgl ll fragment of chr 26 

in E. coli HB101 . 

0. subcloned Hind i 1 1 - Hind i 1 1 fragment of 

chr 30 in E. coli HB101. 

p. subcloned Bglll-Tac fragment of chr 13 in 

E. coli HB101. 

Q. subcloned Bglll-Tac fragment of chr 16 1 in 

E . coli HB101. 

HcIF-I: E ■ coli DS410 (C8-IFN-cr2) 
HcIF-J: E. coli DS410 ( LAC- AUG ( a 2 ) ) 
HcIF-K: E. coli DS410 (p-Lac-AUG(a2 ) ) 
While we have hereinbefore presented a number 
of embodiments of this invention, it is apparent that our 
basic construction can be altered to provide other embodi- 
ments which utilize the processes and compositions of 
this invention. Therefore, it will be appreciated that 
the scope of this invention is to be defined by the 
claims appended hereto rather than the specific embodi- 
ments which have been presented hereinbefore by way of 
example. 
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CLAIMS 

1. 



, a DMA sequence selected from the group 
^ oma inserts of Z-pBR322(Pst)/HcIF-4c, 

HCIF^SN42 Z -pKT287(Pst)/HcIF-2h-AH6. DMA sequences which 
^riSze to any of the foregoing D KA inser^,BHA sequences, 
TZ tfhatever S ource obtained, including natural, synthetic 

from whatever sour __ lated by mutation, including 

or Berni-synthetic sources, relateo oy « . c ._ 

single or multiple, base substitutions, deletions, inser- 

Sons ana inversions to any of the foregoing DNA sequences 
• and DNA sequences comprising sequences of 

or inserts, and DNA sequen polypeptide displaying 

codons which -^^ioifgicJ a/tivft/to a polypeptide 
similar immunological or oioxoy*^ 

coded for on expression of the codons of any of the 

foregoing DNA sequences and inserts. wne rein 

2 A DNA sequence according to claim 1 wnerein 
. . . v,ikri Ai zfis to said DNA insert is 

Te^eLes which hybridize to .oy of tho fore^n, 

q _ whatever source obtained, 

•i ncprts DNA sequences, from wnatevei. »w«* 
inserts, dna <j CVTlt hetic or semi-synthetic sources, 
including natural, synthetic or sem * base 
related by mutation, including single or multiple, base 
reiatea oy insertions and inversions to 

substitutions, deletions, insertions a» 

any of the foregoing DNA sequences or inserts, and DNA 

sequences comprising sequences of -dons which 

eion code for a polypeptide -jW-^^ 

or biological activity to a polypeptiae co 

expression of the codons of any of the foregoing DNA 



sequences and according to claims 1 or 2 

wherein said DNA sequence which hybridizes to said DNA^ 
insert is selected from the group consisting of J***** 1 ' 
Hif-chr3, Hif-chrl2, Hif-chrl3, Hif-chrl6-* . Hif-chr26. 
Hif-cnr30, Hif-chr35, DNA sequences which hybridize to 
any of the foregoing DNA sequences, DNA sequences, from 
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whatever source obtained, including natural, synthetic, 
or semi-synthetic sources, related by mutation, including 
single or multiple, base substitutions, deletions, insertions 
and inversions, to any of the foregoing DNA sequences and 
DNA sequences comprising sequences of codons which on 
expression code for a polypeptide similar in immunological 
or biological activity to a polypeptide coded for on 
expression of any of the foregoing DNA sequences. 

4. A DNA sequence according to claim 1 or 2 
wherein said DNA sequence which hybridizes to said DNA 
insert is selected from the group consisting of Hif-chrl9, 
Hif-chr27, DNA sequences which hybridize to any of the 
foregoing DNA sequences, DNA sequences, from whatever 
source obtained, including natural, synthetic, or semi- 
synthetic sources, related by mutation, including single 
or multiple, base substitutions, deletions, insertions 
and inversions, to any of the foregoing DNA sequences and 
DNA sequences comprising sequences of codons which on 
expression code for a polypeptide similar in immunological 
or biological activity to a polypeptide coded for on 
expression of any of the foregoing DNA sequences. 

5. A DNA sequence according to any one of 
claims 1 to 4 selected from the group consisting of DNA 
sequences of the formula: AT«K:CTCGCCCTTTGCTTTACTGATGGTC 
CTGGTGGTGCTCAGCTGCAAGTCAAGCTGCTCTCTGGGCTGTGATCTCCCTGAGACC 
CACAGCCTGGATAACAGGAGGACCTTGATGCTCCTGGCACAAATGAGCAGAATCTCT 
CCTTCCTCCTGTCTGATGGACAGACATGACTTTGGATTTCCCCAGGAGGAGTTTGAT 
GGCAACCAGTTCCAGAAGGCTCCAGCCATCTCTGTCCTCCATGAGCTGATCCAGCAG 
ATCTTCAACCTCTTTACCACAAAAGATTCATCTGCTGCTTGGGATGAGGACCTCCTA 
GACAAATTCTGCACCGAACTCTACCAGCAGCTGAATGACTTGGAAGCCTGTGTGATG 
CAGGAGGAGAGGGTGGGAGAAACTCCCCTGATGAATGCGGACTCCATCTTGGCTGTG 
AAGAAATACTTCCGAAGAATCACTCTCTATCTGACAGAGAAGAAATACAGCCCTTGT 
GCCTGGGAGGTTGTCAGAGCAGAAATCATGAGATCCTCTCTTTATCAACAAACTTGC 

AAGAAAGATTAAGGAGGAAGGAATAA, TGTGATCTCCCTGAGACCCACAGCCTGGA 
TAACAGGAGGACCTTGATGCTCCTGGCACAAATGAGCAGAATCTCTCCTTCCTCCTG 
TCTGATGGACAGACATGACTTTGGATTTCCCCAGGAGGAGTTTGATGGCAACCAGTT 
CCAGAAGGCTCCAGCCATCTCTGTCCTCCATGAGCTGATCCAGCAGATCTTCAACCT 
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CCACAAAAGATTCATCTGCTGCTTGGGATGAGGACCTCCTAGACAA^TCTG 




GGTGGGAGAAACTCCCCTGATGAATGCGGACTCCATCTTGGCTGTGAAGAAATACTT 
CCGAAGAATCACTCTCTATCTGACAGAGAAGAAATACAGCCCTTGTGCCTG6GAGGT 
TGTCAGAGCAGAAATCATGAGATCCCTCTCTTTATCAACAAACTTGCAAGAAAGATT 

AAGGAGGAAGGAATAA and fragments and derivatives thereof, 
said fragments and derivatives coding for polypeptides 
displaying an immunological or biological activity of 

IFN-Cf . 

6. A DNA sequence according to any one of 
claims 1 to 4 selected from the group consisting of DNA 
sequences of the formulas TTACTGGTGGCCCTCCTGGTGCTCAGCTGC 
AACTCAAGCTGCTCTGTGGGCTGTGATCTGCCTCAAACCCACAGCCTGGGTAGCAGG 
AGGACCTTGATGCTCCTGGCACAGATGAGGAGAATCTCTCTTTTCTCCTGCTTGAAG 
GACAGACATGACTTTGGATTTCCCCAGGAGGAGTTTGGCAACCAGTTCCAAAAGGCT 
GAAACCATCCCTGTCCTCCATGAGATGATCCAGCAGATCTTCAATCTCTTCAGCACA 
AAGGACTCATCTGCTGCTTGGGATGAGACCCTCCTAGACAAATTCTACACTGAACTC 
TACCAGCAGCTGAATGACCTGGAAGCCTGTGTGATACAGGGGGTGGGGGTGACAGAG 
ACTCCCCTGATGAAGGAGGACTCCATTCTGGCTGTGAGGAAATACTTCCAAAGAATC 
ACTCTCTATCTGAAAGAGAAGAAATACAGCCCTTGTGCCTGGGAGGTTGTCAGAGCA 
GAAATCATGAGATCTTTTTCTTTGTCAACAAACTTGCAAGAAAGTTTAAGAAGTAAG 
GAATGA, TGTGATCTGCCTCAAACCCACAGCCTGGGTAGCAGGAGGACCTTGATGC 
TCCTGGCACAGATGAGGAGAATCTCTCTTTXCTCCTGCTTGAAGGACAGACATGACT 
TTGGATTTCCCCAGGAGGAGTTXGGCAACCAGTTCCAAAAGGCTGAAACCATCCCTG 
TCCTCCATGAGATGATCCAGCAGATCTTCAATCTCTTCAGCACAAAGGACTCATCTG 
CTGCTTGGGATGAGACCCTCCTAGACAAATTCTACACTGAACTCTACCAGCAGCTGA 




ATGACCTGGAAGCCTGTGTGATACAOt»u^xw«w*«">-«-«- 

AGGAGGACTCCATTCTGGCTGTGAGGAAATACTTCCAAAGAATCACTCTCTATCTGA 

AAGAGAAGAAATACAGCCCTTGTGCCTGGGAGGTTGTCAGAGCAGAAATCATGAGAT 
CTTTTTCTTTGTCAACAAACTTGCAAGAAAGTTTAAGAAGTAAGGAATGA and 
fragments and derivatives thereof, said fragments and 
derivatives coding for polypeptides displaying an immunol- 
ogical or biological activity of IFN-a. 

7. A DNA sequence according to any one of 
claims 1 to 4 selected from the group consisting of DNA 
sequences of the formula: ATGGCCCTGTCCTTTTCTTTACTGATGGCC 



99 



00321 34 



CTGCTGCTGCTCAGCTACAAATCCATCTGTTCTCTGGGCTCTGATCTGCCTCAGACC 

CACAGCCTGGGTAATAGGAGGACCTTGATACTCCTGCAACAAATGGGAAGAATCTCT 

CATTTCTCCTGCCTGAAGGACAGACATGATTTCGGATTCCCCGAGGAGGAGTTTGAT 

GGCCACCAGTTCCAGAAGACTCAAGCCATCTCTGTCCTCCATGAGATGATCCAGCAG 

ACCTTCAATCTCTTCAGCACAGAGGACTCATCTGCTGCTTGGGAACAGAGCCTCCTA 

GAAAAATTTTCCACTGAACTTTACCAGCAACTGAATGACCTGGAAGCATGTGTGATA 

CAGGAGGTTGGGGTGGAAGAGACTCCCCTGATGAATGTGGACTCCATCCTGGCTGTG 

AGGAAATACTTCCAAAGAATCACTCTTTATCTAACAGAGAGAAGAAATACAGCCCTT 

GTGCCTGGGAGGTTGTAAAAAAGATTAAGGAGGAAGGATTGA, TGTGATCTGCCTC 
AGACCCACAGCCTGGGTAATAGGAGGACCTTGATACTCCTGCAAGAAATGGGAAGAA 
TCTCTCATTTCTCCTGCCTGAAGGACAGACATGATTTCGGATTCCCCGAGGAGGAGT 
TTGATGGCCACCAGTTCCAGAAGACTCAAGCCATCTCTGTCCTCCATGAGATGATCC 
AGCAGACCTTCAATCTCTTCAGCACAGAGGACTCATCTGCTGCTTGGGAACAGAGCC 
TCCTAGAAAAATTTTCCACTGAACTTTACCAGCAACTGAATGACCTGGAAGCATGTG 
TGATACAGGAGGTTGGGGTGGAAGAGACTCCCCTGATGAATCTGGACTCCATCCTGG 

CTGTGAGGAAAT ACTTC CAAAGAATCACTCTTTATCT AACAGAGAAGAAATACAGCC 
CTTGTGCCTGGGAGGTTGTCAGAGCAGAAATCATGAGATCCCTCTCGTTTTCAACAA 
ACTTGCAAAAAAGATTAAGGAGGAAGGATTGA and fragments and deriva- 
tives thereof, said fragments and derivatives coding for 
polypeptides displaying an immunological or biological 

activity of IFN-a . 

8. A recombinant DNA molecule comprising a 

DNA sequence according to any one of the preceeding 
claims . 

9. The recombinant DNA molecule according to 
claim 8, wherein said DNA sequence is operatively linked 
to an expression control sequence. 

10. A recombinant DNA molecule according to 
claim 9, wherein the expression control sequence is 
selected from the group consisting of a lac system, a 
p-lac system, a tr£ system, major operator and promoter 
regions of phage \ , the control region of fd coat protexn, 
and other sequences which control the expression of genes 
of prokaryotic or eukaryotic cells and their viruses. 

11. A recombinant DNA molecule according to 
claim 9 or 10 selected from the group consisting of 
C8-IFN-al, C8 -IFN-a 2 , LAC-AUG(a2) and p-lac-AUG(a2) . 
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12 A host transformed with at least one 
recombinant DNA molecule according to any one of claims 8 



to 11 



The host of claim 12 selected from the 
group consisting of strains of F^_coli. Ps^omonsE 
Leillus subtilis, Bacillus .tearothermophilus, other 
yeasts, other fungi, mouse or other anxmal or 



plant hosts and human tissue cells. 

14 The transformed host according to claim 12 
or 13 selected from the group consisting of E^U HB101 
(2-ptR322(Pst)/HcIF-4c), E^coli BB101 (Z-pBR322(Pst)/ 
JL£5. iJ* HB101 C Z -pBK322CPst) f C^) ; 
HB101 <Z-pBR322(Fst>/ HCIF-SN42). and E^coll HB101 
(Z-pKT287(Pst)/HcIF-2h-AH6). 

15 The transformed host according to claim 12 
or 13 selected from the group consisting of E^_coli HB101 
:LpB^ 2 2(Pst,/HcIF-I1.20S, and E^oli HBlOl <Z-pBK322<Pst>/ 



HCIF-SN35-AHL6,^ ^ ^ claim 12 

or 13 selected from the group co - ist t n9 ^ h ! IF ; c ^ IF . G> 
HchrlF-B, HchrlF-C, HchrlF-D, HchrlF-E, HchrIF-F, HchrIF G, 

HchrlF-H, HchrIF-I, and HchrlF-J. 

HchriF a, ^ transforme d host according to claim 12 

or 13 selected from the group consisting of E^C£li DS410 
<C8-IFN-al). E. coli DS410 (C8-IFN-or2). E^coli DS410 
( <Sc-^O(«2),^ili D S410 HB101 ( P lac-AUG(a2>> and 

Mouse ^P-^^Si^ according to claim 12 

or 13 selected from the group consisting of =^ IF ^' 
HchrlF-L, HchrlF-M, HchrlF-N, HchrIF-0 Hc^F-*. HchrIF Q 
and hosts transformed with Hif-chrl9 and Hxf-chr27. 

19. A polypeptide or fragments "* 

thereof displaying an immunological or biological activity 
TZsn leucocyte interferon produced by the transformed 

host according to any one of claims 12 to 18 

20. a polypeptide that it is coded for by a 

DNA sequence according to any one of claims 1 to 7. 
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21. A polypeptide or fragments and derivatives 
thereof according to claim 19 or 20 selected from the 
group consisting of IFN-al, IFN-ct2, IFN-a4a and IFN-a4b. 

22 . A polypeptide or fragments and derivatives 
thereof according to any one of claims 19 to 21 selected 
from the group consisting of polypeptides of the formula: 

METAIJ^ERPROPHEALALEULEUMETVALLEUVALVALLEOSERCYSLYSSERSER 
CYSSERLEUGLYCYSASPLEUPROGLUTHRHISSERLEUASPASNARGARGTHRLEU 
METLEOLEUALAGLNMETSERARGILESERPROSERSERCYSLEUMETASPARGHI S 
ASPPHEGLYPHEPROGLNGLUGLUPHEASPGLYASNGLNPHEGLNLYSALAPROAIA 

I LE SERVALLEUH I SGLULEU I LEGLNGLN I LEPHEASNLEUPHETHRTHRLYS ASP 
SERSERALAALATRPASPGLUASPLEULEUASPLYSPHECYSTHRGLULEOTYRGLN 

GLNLEUASNASPLEUGLUALACYSVALMETGLNGLUGLUARGVALGLYGLUTHRPRO 
LEUMETASNALAASPSERI LELEUALAVALLYSLYSTYRPHEARGARGILETHRLEU 
TYRLEUTHRGLULYSLYSTYRSERPROCYS AIATRPGLUVALVALARGALAGLUI LE 
METARGSERLEUSERLEUSERTHRASNLEUGLNGLUARGLEUARGARGLYSGLU, 
CYSASPLEUPROGLUTHRHI SSERLEUASPASNARGARGTHRIJEUMETLEULEUALA 
GLNMETSERARGI LESERPROSERSERCYSLEUMETASPARGHI SASPPHEGLYPHE 
PROGLNGLUGLUPHEASPGLYASNGLNPHEGLNLYSALAPROALAILESERVALLEU 
HI SGLULEUI LEGLNGLNI LEPHEASNLEUPHETHRTHRLYSASPSERSERALAALA 
TRPASPGLUASPLEULEUASPLYSPHECYSTHRGLULEUTYRGLNGLNLEUASNASP 
IJEUGLUAIACYSVAL^IETGLNGLUGLUARGVALGLYGLUTHRPROI^EXJMETASNALA 

ASPSERI LELEUALAVALLYSLYSTYRPHEARGARGI LETHRLEUTYRLEUTHRGLU 
LYSLYSTYRSERPROCYSALATRPGLUVALVALARGALAGLUILEMETARGSERLEU 
SERLEUSERTHRASNLEUGLNGLUARGLEUARGARGLYSGLU, and polypeptides 
from whatever source obtained related to any of the 
foregoing polypeptides by mutation, including single or 
multiple, base substitutions, deletions, insertions and 
inversions of the DNA sequences which code for them. 

23. A polypeptide or fragments and derivatives 
thereof according to any one of claims 19 to 21 selected 
from the group consisting of polypeptides of the formula: 
LeuLeuValAlaLeuLeuValLeuSerCysLysSerSerCysSerValGlyCysAsp 

LeuProGlnThrHisSerLeuGlySerArgArgThrLeuMetLeuLeuAlaGlnMet 
ArgArglleSerLeuPheSerCysLeuLysAspArgHisAspPheGlyPheProGln 
GluGluPheGlyAsnGlnPheGlnLysAlaGluThrlleProValLeuHisGluMet 
I leGlnGlnl lePheAsnLeuPheSerThrLysAspSerSerAlaAlaTrpAspGlu 
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^uAspLysPheTyrThrGluI^uTyrGlnGlnLeuAsnAspLcuGluAla 
MValUeGlnGlyValGlyValThrGluThrProLeuMetLysGltiABpSerlle 
^uAlaValArgLysTyrPheGlnArglleThrLeuTyrLeuLysGluLysLysTyr 

ThrA snLeuGlnGluSerLeuAr g Ser LyS Glu. CysAsp^l^Hxs 
SerLeuGlySeri 




P^TyrThrGluW U Tyr01»=ln«uA.nA S p««01uM.Cy.V^Il«lnGl y 
L^.lThrCluThrPrcL.uMetl.y.GluA.pS.rll.L.uAlaV^rgW 

SerLeuArgserLysGlu. and polypeptides fro. whatever source 
Ltained related to any of the foraging polypeptides by 
Station, including single or multiple, base substitutions. 
™"So». insertions and inversions of the » essences 

which code for them. ,„i.,Mvta 

24. A polypeptide or fragments and derivatives 

thereof according to any one of claims 19 to 21 selected 
from the group consisting of polypeptides of the 

I ^II£lBULEnGU.GLN^LyARGIIBSERHISPBESERCySLEmySA»ARG 
H^SASPPHEGLYPHEPROGLUGLUGLUPHEASPGLyHISGLNPHEGLMLYSTHRGLN 

ASPSEESERALAALAT^GLUG^SERLEOtSJGLm.ySPEESER^^™ 

O^G^ASHASPLEUGLUAI^CySVAL^GI^U^rV^^ 
PRbLEUMETASNVALASPSERILELEUALAVALAEGLYSTYHPHEGLNARGILETBE 

CYSASPLEUPROGIilTHRHI ^ERl^^GWASMARGARGTB^^EinLE^E^^E^GLN 




= = = = = = = = S 

LEUGLUALACYSVAL I LEGLNGLUVALGLYVALGLUGLUTHRPROLEOMETASNVAL 
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ASPSERI LELEUALAVALARGLYSTYRPHEGLNARGI LETHRLEUTYRLEUTHRGLU 
LYSLYSTYRSERPROCySAIATRPGLUVALVALARGALAGLUILE^^ 
SERPHESERTHRASNLEUGLNLYS ARGLEUARGARGLYS ASP , and polypeptides 
from whatever source obtained related to any of the 
foregoing polypeptides by mutation, including single or 
multiple, base substitutions, deletions, insertions and 
inversions of the DNA sequences which code for them. 

25. A method for producing a recombinant DNA 
molecule comprising the step of introducing into a cloning 
vehicle a DNA sequence according to any one of claims 1-7. 

26. The method according to claim 25 comprising 
the additional step of introducing into said cloning 
vehicle an expression control sequence according to 

claim 10, said expression control sequence being introduced 
into said cloning vehicle so as to control and to regulate 
the expression of said DNA sequence. 

27. A method for transforming a host comprising 
the step of introducing into a host a recombinant DNA 
molecule according to any one of claims 8 to 11. 

28. A method for producing a polypeptide 
displaying an immunological or biological activity of 
human leukocyte interferon, comprising the steps of 
transforming an appropriate host with a recombinant DNA 
molecule according to claim 10 or 11; culturing said 
host; and collecting said polypeptide. 

29. The method according to claim 28, wherein 
the host is selected from the group consisting of strains 
of E. coli , Pseudomonas , Bacillus subtilis, Bacillus 
stearothermophilus , other bacilli, yeasts, fungi, animal 
or plant hosts, and human tissue cells. 

30. A method for producing a polypeptide 
displaying an immunological or biological activity of 
human leukocyte interferon comprising the steps of culturing 
a host transformed by a recombinant DNA molecule according 
to claim 10 or 11 and collecting said polypeptide. 

31. A process for selecting a DNA sequence 
coding for a polypeptide displaying an immunological or 
biological activity of HuIFNor from a group of DNA sequences 
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comprising the step of determining which of said DNA 
sequences hybridize to the DNA sequences according to any 

one of claims 1-7. 

32. The process of claim 31 wherein the DNA 
sequence screened is selected from the group consisting 
of DNA sequences from natural sources, synthetic DNA 
sequences, DNA sequences from recombinant DNA molecules 
and DNA sequences which are a combination of any of the 
foregoing DNA sequences. 

33 . A composition for treating human viruses 
or treating human cancers or tumors which comprises at 
least one polypeptide selected from the group consisting 
of the polypeptides according to any one of claims 19 to 

24. 

34. A composition for treating bovine viral 
infections which comprises at least one polypeptide 
selected from the group consisting of the polypeptides 
according to any one of claims 19 to 24. 

35. A method for treating human viruses or 
treating human cancers or tumors which comprises adminis- 
tering to said humans in a pharmaceutically acceptable 
manner an effective amount of a composition according to 
claim 33. 

36. A method for treating bovine viral infec- 
tions which comprises administering to said animals in a 
pharmaceutically acceptable manner an effective amount of 
a composition according to claim 34. 
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LINKAGE OF IFN-- RELATED GENES 
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FIG. 27 

CONSTRUCTION OF PLASM/D LAC-AUG(«-2) 
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